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INTRODUCTION 
Lasiacis is a small neotropical genus of about 16 species of grasses 
distributed from the southern tip of Florida and central Mexico south 
through the West Indies, Central America, and in South America to southern 
Peru and northern Argentina. Many species are rather striking in appear­
ance because of their large, erect, woody culms. However, an almost equal 
number of species have procumbent, creeping, herbaceous culms. As striking 
are the shiny, black mature spikelets. 
All species are of little or no economic importance. 
Lasiacis was first delimited as a section of Panicum (Grisebach, 
1864). Hitchcock subsequently elevated the section to a genus (Hitchcock 
and Chase, 1910). This was followed by a treatment of all species north of 
Colombia (Hitchcock, 1920). This revision has continued to form a solid 
basis for later work in Lasiacis, as has the bulk of Hitchcock's work for 
all subsequent American agrostological research. Since Hitchcock's 1920 
revision, published later in very similar form in North American Flora 
(Hitchcock, 1931), most systematic work with Lasiacis has been limited to 
regional floristic treatments, new species descriptions, and species trans­
fers. The most important contributions were made by Hitchcock (1930, 
1936), Parodi (1943), and Swallen (1934, 1936, 1943, 1953, 1955a, 1955b, 
1957). 
Systems of grass classification at the tribe and subfamily level 
relied largely on gross morphological features of the spikelets and 
inflorescences during the early part of this century. In recent years 
classifications have in addition been built on anatomical, cytological. 
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physiological, and a wider array of gross morphological characters. Sig­
nificant in the use of such a wide array of characters in constructing a 
system of grass classification was the pioneer effort of Avdulov (1931). 
He used size and base number of chromosomes, leaf anatomy, size and posi­
tion of first seedling leaves, type of starch grains, and the type of 
nucleoli in non-dividing cells to propose a new system of classification. 
Important among the new systems of classification that have used these 
characters are those of Prat (1960), Parodi (1961), and Stebbins and 
Crampton (1961). Although differing in detail, these authors agree in 
recognizing six subfamilies which are, using the Stebbins and Crampton 
(1961) nomenclature; Bambusoideae, Oryzoideae, Arundinoideae, Festucoideae, 
Eragrostoideae, and Panicoideae. These new systems are phylogenetic and 
probably reflect genetic relationships much better than previous systems. 
The broad outlines of this new system seems rather stable at the present 
time. 
There are many genera for which the new characters are not or only 
partially known, and these genera are placed in tribes and subfamilies 
strictly on the basis of spikelet and inflorescence structure. Lasiacis is 
such a genus. 
Lasiacis has never been monographed in its entirety. No biosystematic 
studies have been made, as in most tropical plants; such studies will prob­
ably give a better understanding of the relationships between species. 
My interest in Lasiacis first developed while collecting, identifying, 
and cytologically examining Costa Rican grasses with Dr. Richard W. Pohl of 
Iowa State University. As a result of these studies, I felt that existing 
taxonomic treatments for Lasiacis were incomplete. 
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My reasons for a detailed study of the genus were; 
1. to delimit and provide a taxonomic treatment for all species of 
Lasiacis 
2. to suggest possible evolutionary relationships among the species 
3. to study the evolutionary forces that might have been important in 
the development of Lasiacis 
4. to place the genus in its natural tribe and subfamily. 
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METHODS AND MATERIALS 
Herbarium Studies 
Data gathered from herbarium specimens included morphological measure­
ments and observations, species distribution, ecological observations 
reported by collectors, as well as vernacular names that have been applied 
to the plants. Since Lasiacis has been rather extensively collected, I 
borrowed specimens only from some major herbaria, marked by an asterisk in 
the following list. Collections in other herbaria were studied ^  situ or 
specialized collections were borrowed. The herbaria are cited according to 
Lanjouw and Stafleu (1964), except for Universidad Central de Venezuela at 
Maracay, assigned MÏ by Venezuelan botanists (Bunting, personal correspon-
dence). 
A Arnold Arboretum; Cambridge, Massachusetts 
AWH Natuurwetenschappelijk Museum; Antwerpen, Belgium 
C Botanical Museum and Herbarium; Copenhagen, Denmark 
EAP Escuela Agrlcola Panamericana; El Zamorano, Honduras 
F* Field Museum of Natural History; Chicago, Illinois 
GH* Gray Herbarium of Harvard University; Cambridge, Massachusetts 
IJ Science Museum, Institute of Jamaica; Kingston, Jamaica 
ISC* - Iowa State University; Ames, Iowa 
L - Rijksherbarium; Leiden, Netherlands 
MEXU* - Herbario Nacional del Institute de Biologia, Universidad Nacional 
de Mexico; Mexico City, Mexico 
M - Botanische Staatssanmlung; Munchen, Germany 
MO* - Missouri Botanical Garden; St. Louis, Missouri 
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- Universidad Central de Venezuela; Maracay, Venezuela 
- New York Botanical Garden; New York, New York 
- Muséum National d'Histoire Naturelle, Laboratoire de Phanirogamie; 
Paris, France 
- University of the West Indies; St. Augustine, Trinidad 
- University of California; Berkeley, California 
- United States National Museum; Washington, D.C. 
- Institute Botanico; Caracas, Venezuela 
Field Studies 
I have been able to study Lasiacis in the field in the northern half 
of its distributional range. The following trips have been made which were 
either devoted to general agrostology or to Lasiacis; 1968-1969, Costa 
Rica (11 months); 1970, Mexico, El Salvador, Honduras, Nicaragua, Trinidad, 
the Dominican Republic (3 months); 1971, Venezuela, Jamaica (1% months). 
Studies were made of growth habit, flowering behavior, and ecology of the 
species. Pressed specimens and cytological and anatomical samples were 
also collected. In addition, I collected mature spikelets for use in 
establishing greenhouse populations. It proved impractical to transport 
live plants back to the United States. 
Greenhouse Studies 
I had hoped to be able to grow all species in the genus under uniform 
conditions in the greenhouse. This proved to be impossible because of dif­
ficulty in obtaining seed from all species. The seeds that were obtained 
came from personal collecting trips, as well as from fellow botanists (see 
MÏ 
NY* 
P 
TRIN 
UC* 
US* 
VEN* 
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ACKNOWLEDQIENTS). In addition, it sometimes proved possible to grow plants 
from mature caryopses taken from herbarium sheets. 
Initially some difficulty was experienced in growing the various spe­
cies mainly because of overwatering. The following procedure, with several 
exceptions, gave quite satisfactory results. Caryopses were dehulled (fer­
tile lemma and palea removed), placed on blotters in petri dishes main­
tained at about 30°C, and watered as needed with distilled water. Dehull-
ing speeded germination 10- to 20-fold. After the first or second leaf 
developed, seedlings were transferred to small pots with an equal mixture 
of peat moss and soil. Moderate watering with fortnightly to monthly liq­
uid fertilizer applications encouraged normal growth. 
Growth of the creeping species and L. procerrima in the greenhouse was 
best in a cool (about 70°F), plastic-enclosed humidity chamber containing a 
peat moss-soil mixture which allowed the stems to root at the nodes as they 
advanced. Even with the erect species, leaf longevity was promoted by 
crowing the plants in humidity chambers. 
In the greenhouse, flowering took place mostly from October through 
January. Many of the plants were started during the summer of 1969; how­
ever, no plants flowered until January, 1971. Thus, these conçaratively 
large grasses seem to require about a year of vegetative growth before 
flowering commences. However, several plants of L. anomala flowered less 
than six months from the date of germination. 
Anatomical Studies 
Collections were made both in the greenhouse and in the field. Green­
house material was used for the most part for comparative studies of cross-
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sectional leaf anatomy since those plants were grown under uniform condi­
tions. Field collections were used only in a few cases when no greenhouse 
plants of the species were available. In each case, the first fully 
expanded blades of vegetative culms were sampled. This tended to insure 
that leaves of comparable age were used. However, this was probably not 
always strictly true since some plants were slow growing and others fast 
growing, the leaf samples of the former, therefore, being older. 
Cross sections of leaves about 0.5-1.0 cm wide were cut about 1/3 the 
distance from the base of the leaf blade. These sections were fixed in FAA 
(Sass, 1958). Dehydration was with tertiary-butanol and embedding was in 
Tissuemat (62°C mp). Sections were cut at 10-15 p, with "diSPo" disposable 
knives. Much tearing of tissues was experienced, probably due to the sil­
ica bodies in the epidermis. Soaking the embedded material for 24 hours in 
a softening solution (Pohl, 1965) alleviated the problem somewhat. Sec­
tions were stained with safranin-fast green and mounted in Piccolyte. 
Epidermal features were studied from paradermally cut sections proc­
essed in the same manner as cross sections. In addition, some observations 
were made from leaves cleared according to the method of Shobe and Lersten 
(1967) and stained with chlorozal black E according to the schedule given 
by Lersten and Pohl (1969). 
Localization and identification of oil in the spikelets were made from 
fresh, free hand cross sections of glumes and sterile lemmas following two 
staining techniques outlined by Jensen (1962). The stains used were a sat­
urated solution of Sudan III in 70% ethanol and a 1% aqueous solution of 
Nile Blue A. Both stains are specific for neutral lipids, i.e., fats, oils, 
and waxes. In addition to cross sections, scrapes and epidermal peels were 
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also made. Such scrapes simply indicate the presence or absence of oil 
within the bract, but do not localize it- It is useful because of its ease 
and rapidity. 
Cytological Studies 
Both meiotic and mitotic chromosomes were studied. For meiotic mate­
rial collected in the field, young inflorescences were fixed and stored in 
Newcomer's (1953) solution. Anthers were dissected from the spikelets and 
squashed in propiocarmine stain. Observations were made from fresh prepara­
tions and were documented either by drawings made with the aid of a Zeiss 
drawing apparatus or photomicrographs. Subsequently, voucher slides were 
made permanent with the liquid CO^ method of Bowen (1956). Young inflores­
cences collected in the greenhouse were fixed with aspiration in either 3 
ethanol; 1 glacial acetic acid, or 6 ethanol: 3 chloroform: 1 glacial ace­
tic acid. Results were similar for both fixatives. The fixed inflorescen­
ces were stored in the freezer compartment of a refrigerator in the fixa­
tive or in 70% ethanol. Storage in alcohol under low temperatures was 
helpful in reducing substantially the number of microsporocytes which burst 
during squashing. Better preparations were obtained from greenhouse-fixed 
material than from field-fixed material. 
Observations on mitotic chromosomes were made from root tips of germi­
nated caryopses or potted plants. In both cases, the number of dividing 
figures was low. Root tips were pretreated either in cold water at 2-4°C 
for 24 hours or with a saturated solution of 8-hydroxyquinoline for four 
hours at 14°C in order to arrest dividing cells at metaphase and to shorten 
and spread the chromosomes. Fixation was in 3 ethanol; 1 glacial acetic 
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acid. Root tips were stained with the Feulgen reagent and then squashed. 
Further procedure was identical to that used in the meiotic studies. 
Pollen fertility was determined by staining the pollen with basic 
fuchsin in lactophenol. Percentage of fertility was determined from counts 
of 200 grain samples. When possible, multiple counts were made throughout 
the flowering period of a plant, the results being averaged. Pollen was 
obtained from exserted, dehisced anthers. In those cases where anthers 
were exserted but did not dehisce, the anthers were carefully dissected to 
release the pollen. In a few cases, anthers were never exserted, and in 
these only obviously mature spikelets were used from which to dissect 
anthers. This was done so that sterile grains would not be mistaken for 
the collapsed, vacuolate state of young pollen grains. This state seems to 
characterize the normal pollen developmental sequence of some grasses 
(e.g., Christensen, Horner, and Lersten, 1972). Counts were made 1-2 days 
after staining was begun. Pollen grains that did not stain deeply and were 
not filled with starch granules and cytoplasm were classified as sterile. 
Hybridization Studies 
Controlled hybridizations were made in the greenhouse. Here anthesis 
takes place primarily between 7 and 11 a.m. During the initial period of 
anthesis, approximately 7-8 a.m., anthers have usually not dehisced. At 
this time, they were removed with fine-pointed forceps. Spikelets could 
often be emasculated without contamination using this procedure. However, 
later than 8 a.m., or in some species under dry greenhouse conditions, the 
anthers dehisce almost immediately after the spikelet opens. Emasculation 
in such cases often results in self-pollination. Most of the crosses were 
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made on plants growing in plastic enclosures where there was little or no 
air movement. All newly emerged anthers were removed each day, eliminating 
the need for bagging. Each inflorescence was numbered, and each pollinated 
spikelet was color coded with a thread tied to the pedicel of the spikelet. 
This allowed more than one cross to be made in the same inflorescence. 
Records were made concerning the number of crosses attempted and the number 
of hybrids produced. Since the possibility of selfings existed in many 
crosses, hybrid status was determined only from plants grown from the puta­
tive hybrid caryopses. 
Throughout the text, hybrids are named by connecting the names of the 
parents with an x. Unless otherwise stated, the ovule parent is always 
listed first, followed by the pollen parent. 
Measurements 
Spikelet and ligule measurements were made on dried herbarium speci­
mens with the aid of a dissecting microscope equipped with an ocular 
micrometer graduated to 0.1 mm units. Length and height measurements were 
taken from specimen labels and from my own field studies. Some measure­
ments are in the form of ranges with extremes indicated in parentheses, 
e.g., blades (5)7-11(17) cm long. This means that the majority of plants 
had blades 7 to 11 cm long but a few had leaves 5 or 17 cm long. 
Since leaf blades in Lasiacis vary from rudiments to fully developed 
on almost every branch, only the largest blades on each herbarium specimen 
were measured. The minimum values reported for blade length and width, 
therefore, do not represent the absolute minimum values, but only the mini­
mum values for the largest leaves as found on herbarium specimens. 
11 
Inflorescence length was measured from the lowest node even though 
that node often has only rudimentary branches. 
Photography 
Photomicrographs were made with a Leitz Orthomat microscope and cam­
era. All other photographs were made with a Mamiya Sekor 1000 DTL camera. 
In both cases, Panatomic-X film was used which was developed with standard 
photographic techniques. 
Vouchers 
Voucher specimens were made for almost all plants used in this inves­
tigation. A complete set will be filed in the Iowa State University Her­
barium (ISC) and partial sets will be distributed to the United States 
National Herbarium (US) and the Missouri Botanical Garden (MO). The fol­
lowing abbreviations have been used for collectors' names: P = Pohl, 
D • Davidse, E * Erickson. 
I will retain voucher slides of anatomical and cytological studies. 
They will be available for examination upon request. 
Synonymy 
An attempt was made to evaluate all names that have been applied to 
Lasiacis. However, since all the early descriptions and combinations were 
made under the genus Panicum, the largest genus of grasses, some names have 
probably been missed. A further difficulty is that most of the older types 
are deposited in European herbaria. Some of these types were unavailable 
to me. Since Hitchcock (1908, 1920, 1936) has examined much type material 
in European herbaria, I have largely followed his interpretations. An 
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exclamation point (.') following an original description, a type specimen, 
or another reference indicates that it was examined by me. 
Specimen Citations 
A complete list of specimens that I examined is deposited in the Iowa 
State University Herbarium. Copies are available upon request to me. 
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GROSS MORPHOLOGY 
Roots 
The root system among Lasiacis species is quite uniform and, except 
for the mode of root initiation, does not provide many characters of sys­
tematic importance. 
Hoshikawa (1968, 1969) has made an extensive survey of the morphology 
of grass seedlings, emphasizing the mode of root initiation and seedling 
establishment- Six morphological types were recognized which correlated 
well with the six subfamilies commonly recognized in modern systems of 
grass classification. 
The following species of Lasiacis were examined, after germination 
under conditions similar to those detailed by Hoshikawa (1969): L. anomala. 
L. divaricata. L. ligulata. L. linearis, L. oaxacensis, L. procerrima. 
L. rhizophora, L. ruscifolia, L. scabrior, and L. sorghoidea. The radicle 
emerges first and produces the primary root. This primary root soon 
branches to produce secondary rootlets. In the terminology of Hoshikawa 
(1969), the seedlings may be described as follows: No roots are formed 
from the basal portion of the primary root (-), i.e., no "transitionary 
node roots" are formed. The mesocotyl elongates readily (+), and at least 
a few mesocotylar roots are formed consistently (+) (Figure 1). In 
Hoshikawa*s (1969) notation, Lasiacis is typified by the seedling formula 
-, +,+, In this notation, (-) indicates the absence of that character and 
(+) its presence. This formula is identical to that of all genera of the 
Figure 1. Seedling of Lasiacis nigra 
Figure 2. Comparison of growth habit; (A) L. ruscifolia var. ruscifolia, an 
erect, woody species; (B) L. oaxacensis var. maxoni, a creeping, 
herbaceous species, rooting at the nodes; note rudimentary 
blades at lower nodes of L. ruscifolia 
Figure 3. Fascicled branching in Lasiacis sorghoidea var. sorghoidea 
Figure 4. Open branching and zigzag culm in Lasiacis rugelii var. rugelli 
"I 
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Several other features of the roots of mature plants may be noted. 
All species produce adventitious roots, especially at the lower nodes. 
Those of the erect species, except for L. procerrima, are similar and 
inconspicuous. Lasiacis procerrima usually produces large, prominent, 
adventitious prop roots from the lower nodes. Often the entire plant may 
be supported above the soil surface by these prop roots, which always 
remain unbranched until they reach the soil surface. Similar, but less 
conspicuous, roots are produced by the creeping species. 
Upon bending, lodging, or falling to the ground, all erect species can 
produce adventitious roots at the culm nodes. When this happens, vegeta­
tive reproduction sometimes takes place. 
Culms 
General 
Tlie culms or stems of many Lasiacis species are remarkable for their 
large size and woody appearance, and I refer to species possessing these as 
erect, woody species (Figure 2). Culms are generally one to five meters 
long, but I have observed one plant to reach ten meters in length. The 
woodiness is not due to secondary growth but to a large amount of lignified 
primary tissue. A cross section of the culm shows s caries of two to eight 
rings of separate vascular bundles embedded in a parenchymous ground tis­
sue. Beneath the epidermis is a layer of sclerenchyma fibers. This 
fibrous layer is relatively well developed in the woody species. Along 
with the lignification of some parenchyma of the ground tissue in maturing 
culms, the fibrous layer beneath the epidermis and the sclerenchyma fibers 
associated with the vascular bundles give the culm its mechanical strength. 
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Although the culms of the woody species can be generally described as 
erect, they are in fact climbing or scandent, usually arching and supported 
in part by the surrounding vegetation. In many cases, the culms cannot 
support themselves, and if the surrounding vegetation is removed, the culms 
bend down to the ground. The ability to grow erect into the surrounding 
vegetation depends on the growth and branching habits of the culms. Buds 
from the lower nodes of existing culms produce vigorous young shoots which 
quickly elongate without branching. When the new culm has reached its 
approximate maximum length, branching from the upper nodes is initiated. 
The initial growth in length can be supported in an erect or slightly arch­
ing position by the mechanical tissue of the culm. With increased branch­
ing, the weight of the culm becomes too great, and it will begin to bend 
down. However, since the initial growth of the main culm "pushes it into 
surrounding vegetation, the culm can then be supported. 
The creeping species have a culm anatony similar to the erect species. 
The main difference is the smaller size and smaller amount of lignified 
tissue and the production of roots at nearly all nodes (Figure 2). 
Culm intemodes 
Three of the creeping species, L. linearis, L. oaxacensis. and 
L. rhizophora have solid, pithy internodes. Of the erect woody species, 
many specimens of L. divaricata var. leptostachva may have partially solid 
culms, and in L. ruscifolia var. ruscifolia there are a few local popula­
tions in Ecuador that have solid culms. The pith consists of thin-walled 
parenchyma cells, and it lacks vascular bundles, in contrast to the stems 
of most other monocotyledons and even some grasses such as Zea mays. The 
18 
pith remains almost indefinitely, although it may occasionally break down 
in old internodes of L. linearis. In the species with hollow intemodes, 
the pith disappears early in the ontogeny of the culm. By the time a leaf 
has fully expanded, the pith remains only as an internal lining in the hol­
low internode above the base of the fully expanded leaf. 
Although many standard reference works (e.g., Arber, 1934; Lawrence, 
1951; Chase, 1959; Bor, 1960) state that grass internodes ara usually hol­
low, Brown, Harris, and Graham (1959) pointed out that this statement is 
misleading or incorrect when applied to the grass family as a whole. They 
demonstrated that 54% of a sample of 190 species had solid intemodes. 
Solid intemodes occur frequently in panicoid and eragrostoid grasses but 
rarely in festucoid grasses. In the tribe Paniceae, 49% of the species 
examined had solid internodes. In the light of these results, Lasiacis has 
an atypically low percentage of species with solid internodes. 
Pulvini 
The ability of grass stems to straighten after becoming lodged is in a 
Large part d.ue to pulvini which can be recognized as swellings at the base 
of an internode. Differential growth in the pulvini results in the upward 
bending of culms. Pulvini, depending on their location, are called sheath 
pulvini or culm pulvini (Hackel, 1890; Arber, 1934; Brown, Pratt, and 
Mobley, 1959). In all Lasiacis species, the culm pulvinus is prominent and 
strongly developed. A slight thickening at the base of the sheaths indi­
cates that there is a poorly differentiated sheath pulvinus. This pulvinus 
is evident in very young leaves before a culm pulvinus is clearly differen­
tiated. It is likely, therefore, that the sheath pulvinus is active in 
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early growth, the function being carried on subsequently by the culm pulvi-
nus in older parts of the culm. In the possession of culm pulvini, 
Lasiacis is typical of the Panicoideae. The Festucoideae, in contrast, 
rarely have culm pulvini (Brown, Pratt, and Mobley, 1959). 
Branching patterns 
Most mature Lasiacis plants are highly branched. Branching in all 
species is intravaginal, the new branches emerging between the culm and the 
subtending sheath. Rare exceptions to intravaginal branching have been 
observed in L. procerrima. Branches develop from buds at the nodes. Those 
branches that develop from buds on the main culm I call primary branches. 
The next order of branching is referred to as secondary branching and so 
on. Only one primary branch forms at each node of the main culm. Subse­
quent modes of branching may result in quite different plant bodies. In 
one type of branching, the primary branch may produce a number of second­
ary branches from its lowest nodes, the secondary branches often equalling 
the primary one in length. Since the lowest internodes of a branch are 
very short, this results in a fascicle of branches (Figure 3). A second 
type may be called an open one since it characteristically produces well-
spaced secondary and tertiary branches throughout the length of the primary 
branch (Figure 4). The two types of branching grade into each other. 
Fascicled branching occurs most frequently at the upper nodes of large 
culms while the open form is most characteristic of the lower nodes. In 
mature plants, it is also common to see fascicles of secondary and tertiary 
branches at the upper nodes of a primary branch. Fascicled branching does 
not occur in the creeping species. These species always produce one branch 
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per node, and the size distinction between the main culm and its branches 
is usually soon lost. 
Branching pattern is of limited diagnostic value in Lasiacis. However, 
it characterizes L. divaricata var. divaricata and L. rugelii var. rugelii. 
In both varieties, the upper main culms become zigzag after branching (Fig­
ure 4). The main culm is initially straight, but as the primary branch 
begins to grow, the main culm diverges in the opposite direction. Since 
leaf arrangement is alternate, the end result is a zigzag pattern. The 
divergence of the main culm seems to be caused by differential growth of 
the culm pulvini. The divergence of the primary branch is frequently so 
great that this branch becomes reflexed, thus forming a hooklike structure 
which is effective as a climbing device. It also aids in maintaining sup­
port for the main culm. A similar zigzag pattern may develop on vigorous 
primary branches when they produce secondary branches. 
Leaves 
Avdulov (1931) pointed out the importance of the shape and position of 
the first seedling leaf in the systematics of the Gramineae. He recognized 
two types. The first, which corresponds to the festucoid type, has a lin­
ear, perpendicular first leaf. Bie other, the panicoid type, has an oval, 
lanceolate, or oblong, horizontal, or ascending first leaf. Stebbins 
(1956) and Stebbins and Crampton (1961) subsequently stressed the impor­
tance of seedling leaves. Kuwabara (1960) made detailed observations on a 
number of species and found his observations, with several exceptions, to 
agree closely with those of Avdulov. The first leaves in seedlings of 
Lasiacis species are relatively broad, and their position is horizontal to 
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slightly ascending above the soil surface (Figure 1). Of the species 
examined, L. linearis and L. oaxacensis have linear-lanceolate first 
leaves, thus reflecting the shape of the mature leaves. The remaining spe­
cies, L. anomala, L. divaricata, L. ligulata, L. rhizophora, L. ruscifolia, 
L. scabrior. L. sloanei, and L. sorghoidea , have broadly elliptic or oval 
leaf blades. In seedling leaf morphology, Lasiacis is typically panlcoid. 
Lastacis is similar to many other tall grasses such as Olyra, 
Phragmites, and bamboos in that the lowest leaves on new culms are nearly 
bladeless (Figure 2). Higher up the culms, the blades become increasingly 
developed. 
The prophyll has not been examined in detail. This prominently two-
keeled structure varies in pubescence. In some species, such as 
L. divaricata and L. rugelii, which often have widely diverging branches, 
the prophylls may be prominently displayed. In other species, they are 
often hidden within the sheath of the subtending leaf. 
Sheath margins are free, and the upper or overlapping margin is usu­
ally ciliate. The apex of the sheath occasionally extends as a narrow 
auricle beyond the apex of the sheath. This is most highly developed in 
L. procerrima. The collar, the abaxial surface of the junction of the 
blade and the sheath, has been called a petiole (NuSez, 1952; Hsu, 1965) 
when elongated somewhat. More properly called a pseudopetiole, it is most 
highly developed in L. sloanei and rarely exceeds 3 mm. 
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Inflorescence and Spikelets 
The inflorescence of all species of Lasiacis is a panicle. It pro­
vides many important diagnostic characters including size, mode of branch­
ing, and arrangement of the spikelets. 
The spikelets of all Lasiacis species except L. anomala are of the 
Panicum type (Figure 42). They consist of two glumes and two florets 
arranged alternately and distichously on the common axis, the rachilla. 
The lower or sterile floret consists of a lower or sterile lemma, a palea, 
and sometimes a staminate flower of three stamens and two lodicules. Ster­
ile is not used in the absolute sense but in the sense of Hitchcock (1951), 
who defines sterile to mean without a pistil. In many species, the sterile 
floret does not contain a flower at all or contains only the rudiments of 
one. The upper or fertile floret consists of an upper or fertile lemma, 
a palea, and the included, perfect flower which is composed of two lodi­
cules, three stamens, and a pistil with two free styles and stigmatic 
branches. At maturity, the fertile floret becomes indurate lAiereas the 
other bracts retain their soft texture. Lasiacis is unique in developing a 
shiny black color in the glumes and sterile lemmas after the caryopsis has 
fully matured. 
The spikelet of L. anomal a is basically the same as the Panicum type 
but differs in bearing one additional bract, called a sterile lemma by 
Hitchcock (1919). Therefore, the spikelet of L. anomala bears two glumes, 
two sterile florets, and one fertile floret (Figure 42). The extra sterile 
lemma never encloses a plaea, and for this reason, the extra bract could 
with equal justification be called an extra glume. The presence of this 
extra bract is unique in the Paniceae. 
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Developmental Morphological Variation 
A considerable amount of developmental morphological variability is 
exhibited by Lasiacis species. This variation is most conspicuous in the 
development of leaves, inflorescences, and pubescence. I have already 
noted that the culms in all species tend to be highly branched. With each 
successive order of branching, leaves become smaller, so that it is not 
unusual for fully expanded leaves on secondary branches to be one-third the 
size of those on the main culm. There is also often a reduction in the 
size of the inflorescences on secondary branches. There are two notable 
developmental variation patterns in pubescence. It is quite common for 
leaves of secondary and tertiary branches to be conspicuously more densely 
pubescent than primary leaves. This phenomenon is also common in new, 
young, vigorous main shoots in large plants. The increased pubescence is 
especially prominent in both cases on the lower leaves of the branch or 
shoot. On fully mature main culms, the younger leaves may often becmne 
glabrate in comparison to the lower ones. 
Recognition of such developmental variation becomes quite important in 
such large plants as those of Lasiacis since specimens are often fragmen­
tary. Care must, therefore, be exercised in relating variation observed 
among specimens to the causative agent which may be developmental, environ­
mental, or genetic. 
Duration 
All species of Lasiacis are perennial, or at least potentially so. 
According to Hitchcock (1920), L. procerrima is annual. This may be true 
in certain habitats, especially disturbed, bare roadsides or similar 
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extreme ecological niches in which procerrima often becomes very 
depauperate. In regions with a definite dry season, such plants probably 
rarely survive more than one growing season. In more stable secondary com­
munities with more favorable moisture conditions, I have observed large, 
branched plants in which the terminal portions of the culm bore old inflor­
escences- The lower parts of the main culms were still producing new 
branches with new inflorescences. This indicates survival through at least 
two growing seasons. In the greenhouse, L. procerrima also acts as a 
perennial. 
There is also a question whether the individual culms of the erect, 
woody species are perennial. Dr. Paul Weatherwax (personal correspondence) 
has indicated that he believes Lasiacis to be a herbaceous perennial since 
the aerial parts die down to the ground after flowering, new shoots coming 
up later from the underground parts. This is invariably true of the small 
"seedling" culms that produce inflorescences. After larger culms have been 
formed, the strictly vegetative "seedling" culms often undergo the same 
fate. However, in well-developed culms, several courses may be followed. 
If primary branches have been formed and the main culm produces a terminal 
inflorescence, the primary branches may remain vegetative and flower the 
next year. Such a culm is perennial. If both the main culm and the pri­
mary branches produce inflorescences, the culm does not necessarily die, 
but it may produce new branches, usually in fascicles which later can pro­
duce new inflorescences. Such fascicled culms even in their natural habi­
tat no doubt take two years to grow to maturity. 
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LEAF ANATOMY 
General 
The importance of leaf anatomy in providing characters for use in 
classification was already recognized in the 19th century by Duval-Jouve 
(1875) on the basis of his studies of several different cell types in vari­
ous grass species. Avdulov (1931) recognized two major groups on the basis 
of leaf anatomy. These two groups corresponded to his two major subdivi­
sions of the Gramineae, the Poatae and the Sacchariferae. In modern termi­
nology, these groups are referred to as festucoid and panicoid, respec­
tively. Prat (1932, 1936) in two classic papers pointed out the importance 
of the epidermis as a source of taxonomic characters. He used these, plus 
other characters, to propose three subfamilies: Festucoideae, Bambusoideae, 
and Panicoideae (Prat, 1936). Numerous recent contributions have shown the 
usefulness of leaf anatomy in grass systematics. Several of general inter­
est and importance may be noted. Brown (1958), placing emphasis on the 
presence or absence of bundle sheaths and the arrangement of the chloren-
chyma, recognized six anatomical groups. Five of these correspond closely 
with the subfamilies now generally recognized. Metcalfe's (1960) monumen­
tal work brought together original and published diagnostic specific and 
generic descriptions based on characters of the epidermis and transverse 
section of the blade. In his discussion, three major anatomical groups 
were recognized, corresponding to the festucoid, panicoid, and bambusoid 
grasses. Several subgroups of the panicoid type were also described. 
Tateoka, Inoue, and Kawano (1959) surveyed 238 species of grasses and found 
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that, with few exceptions, the Eragrostoideae, Panicoideae, and 
Bambusoideae have distinctive types of bicellular hairs. 
No studies of leaf anatomy have been reported for Lasiacis. However, 
without providing any published data, Nunez (1952) stated that: "La 
estructura histofoliar [of Lasiacis! revela semejanzas con la de géneros 
pertenecientes a la subfamilia Bambusoideae Roshevitz." Hsu (1965) con­
ducted an extensive survey of Panicum species and representative species of 
other genera of the Paniceae using characters of the lodicules, style 
bases, and epidermal patterns of the lemmas. In his discussion of 
Lasiacis. Hsu (1965) stated that; "The anatomical leaf structure of this 
genus is similar to bamboos." Again no data or illustrations were provided. 
Since both Nuîiez (1952) and Hsu (1965) suggested that leaf anatomy 
might be of the bambusoid type or closely related to it, I have investi­
gated leaf anatomy as seen in cross sections of the blades and surveyed the 
blade epidermis in seven representative species. The terminology employed 
throughout the discussion of leaf anatony follows that of Metcalfe (1960). 
Leaf Blade in Cross Section 
General characteristics 
Unless otherwise stated, the general description that follows applies 
to all species examined. A complete list of the vouchers for the species 
examined anatomically is given in Table 1. 
All species contain three clearly differentiated types of vascular 
bundles (Figure 5). The first of these, the main vascular bundle (MVB), is 
the largest vascular bundle in the leaf and is contained in the midrib of 
the blade (Figures 11, 13). The clearly differentiated xylem and phloem of 
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Table 1. Voucher specimens examined for leaf anatomy. The plants 
were grown from seed collected in the indicated localities 
L. anomala 
TRINIDAD: between Piarco and Piarco Int. Airport, D 2522^, D 2523; 
Irois Bay, D 2580^; 2 mi post, Mausiga Rd, NE of Piarco, D 2591^. 
L. divaricate var. divaricata 
USA; Florida, Monroe Co, 10 mi NE of Flamingo, Deam s n^. 
HONDURAS; Atlantida, 17 km S SE of La Ceiba, ^  2196; Comayagua, San 
José de Comayagua, ^  2226. NICARAGUA; Zelaya, Rio Coco at 
Bilwaskarma, OT 2295. DOMINICAN REPUBLIC: La Vega, 18 km N of 
Jarabacoa, D 2633. 
L. ligulata 
TRINIDAD: 6 mi N of Port-of-Spain along North Coast Rd, D 2561; 
between La Vache and Maracas Bay, D 2566. 
L. linearis 
HONDURAS; Morazin, Mt. Uyuca, DP 2100. 
L. nigra 
HONDURAS; El Parafso, 7 km NW of San Lucas, PD 12161. 
L. oaxacensis var. oaxacensis 
EL SALVADOR; Libertad, Volcan de San Salvador, ^  2026. 
MEXICO; Tabasco, 9 mi NW of Santiago Tuxtla, PD 11818. 
L. oaxacensis var. maxoni 
HONDURAS: Yoro, 15 km SSE of Rio Vie jo, Rd to Olanchito, ^  2199. 
L. procerrima 
HONDURAS; Morazân, 8 km E of El Zamorano, ^  2081. 
COLOMBIA: Caqueti, Florencia, Soderstrom £ n. 
*Both field collections and greenhouse plants examined. 
^From seed provided by Dr. Weatherwax, Indiana University. 
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Table 1. (continued) 
L. rhizophora 
HONDURAS: Morazân, Mt. Uyuca, P 12489. COSTA RICA: San José, S of 
Curridabat, PD 11694. 
L. ruscifolia var. ruscifolia 
MEXICO: San Luis Potosf, near Xolol, M 11808, 
EL SALVADOR; Libertad, 1.5 km E of Apulo, Lago Ilopango, DP 2033. 
HONDURAS: Cortes, 1 km S of Puerto Cortes, ^  2169; Atlantida, 9 km E 
of Tela, ^  2188; 17 km SSE of La Ceiba, ^  2198. COSTA RICA: Guana-
caste, vicinity of Cafias, Daubenmire 169; Puerto Castillo, M 11562. 
L. ruscifolia var. velutina 
HONDURAS: Morazan, between El Zamorano and San Antonio de Oriente, 
DP 2162; P 12508*. 
L. scabrlor 
HONDURAS; Atlantida, 28 km NE of El Progreso, DP 2173. 
L. sloanei 
HONDURAS: Yoro, 19 km SE of Rio Viejo, 2200. COSTA RICA: Limon, 
near Pandora, PD 11123. 
L. sorghoidea var. sorghoidea 
COSTA RICA: Puntarenas, near San Vito de Java, PD 10790. 
TRINIDAD: Northern Range, near Heights of Guanapo, D 2460. 
the MVB is surrounded by an inner bundle sheath (IS) of sclerenchyma 
fibers. It is also surrounded by a single- or multilayered parenchyma 
sheath or outer bundle sheath (OS). Inside the adaxial and abaxial epider­
mis and above and below the MVB are two girders of sclerenchyma fibers. 
The OS may be interrupted adaxially and/or abaxially by an extension of 
sclerenchyma which connects the sclerenchyma of the IS with that of the 
sclerenchyma girders. The combined cross-sectional appearance of the 
Figures 5-10. Cross sections of leaf blades of Lasiacis species 
5. L. ruscifolia var. ruscifolia; note main, primary, and 
secondary vascular bundles; 75X 
6. Arm cell in spongy chlorenchyma of L. anomala; 1300X 
7. Primary vascular bundle of L^. anomala ; note interrupted 
outer bundle sheath; 400X 
8. Secondary vascular bundle of L. anomala; 400X 
9. Primary vascular bundle of L. rhizophora; note continu­
ous outer bundle sheath; 400X 
10. Secondary vascular bundle of L. rhizophora; note sunken 
base of macrohair; 400X 
Abbreviations: as = adaxial sclerenchyma strand; is = 
inner bundle sheath; mc = macrohair; mvb = main vascular 
bundle; os •= outer bundle sheath; pc = palisade chloren­
chyma; pvb = primary vascular bundle; sc = spongy chlo­
renchyma; svb = sceondary vascular bundle 
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sclerenchyma girders of the MVB is always anchor-shaped, i.e., the adaxial 
girder is narrow and the abaxial girder is very broad (Figures 5, 11, 13). 
The vascular bundles of the lamina of the blade may be distinguished as 
primary vascular bundles (PVB's) and secondary vascular bundles (SVB's). 
The PVB's are separated from each other by three to seven SVB's (Figure 5). 
The PVB's are large and the xylem and phloem is clearly differentiated 
(Figures 7, 9). In addition, the PVB has one prominent metaxylem vessel 
element to each side of the protoxylem, has a well-developed IS and OS, and 
is accompanied by abaxial and adaxial sclerenchyma girders. The SVB's are 
small, angled, and the xylem and phloem are not as clearly differentiated 
as in the PVB's, although these tissues are usually recognizable (Figures 
8, 10, 15). Ihe SVB's also lack the IS and prominent metaxylem elements. 
The OS is, however, usually more prominent than in the PVB's. Small 
adaxial and abaxial girders usually accompany the SVB's. 
The arrangement of the chlorenchyma is very characteristic and similar 
in all species. Palisade and spongy layers are differentiated (Figures 
7, 8). The palisade layer is made up of a single layer of elongated 
chlorenchyma cells. The spongy tissue is made up of cells that are usually 
irregularly spherical or somewhat elongated in cross section. A single 
layer of elongated chlorenchyma cells is arranged radially around the PVB's 
and SVB's (Figures 10, 15). 
Bulliform cells occur in the adaxial epidermis; they are sometimes 
quite large, well differentiated, and arranged in regular groups (Zea type; 
Metcalfe, 1960; Figures 12, 14). In most species, the cells are not as 
large and conspicuous as in the Zea type. Ribs and grooves are inconspicu-
Figures 11-15. Cross sections of leaf blades of Lasiacis species 
11. Abaxial portion of midrib of L. procerrima: note three 
secondary vascular bundles associated with the main 
vascular bundle ; 150X 
12. Primary and secondary vascular bundles of L. procer­
rima; 175X 
13. Midrib of L. oaxacensis var. oaxacensis; two secondary 
vascular bundles associated with main vascular bundle; 
150X 
14. Primary and secondary vascular bundles of L. oaxa­
censis var. oaxacensis; 150X 
15. Secondary vascular bundle of L. rugelii var. pohlii; 
400X 
Figure 16. Bicellular microhair of L. nigra; 1300X 
Abbreviations: be • bulliform cells; mvb = main vascular 
bundle; pvb «= primary vascular bundle; rc = radiate chloren-
chyma; svb = secondary vascular bundle 
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ous in all species, although they are present to a slight extent next to 
the midrib, especially on the adaxial surface. 
Starch is absent in the outer parenchyma sheath of all species but 
accumulates in the chlorenchyma of the palisade and spongy layers. 
Characteristics of individual species 
Characteristics of cross sectional leaf anatony for each species are 
presented in Tables 2 and 3. For consistency, all observations were made 
on the set of PVB's and SVB's immediately adjacent to each side of the MVS. 
Some changes in the configuration of the tissues and size of cells takes 
place toward the margin of the blade; bulliform cells usually become smal­
ler and less conspicuous, the PVB's become smaller, and adaxial extensions 
of the OS of the SVB's become smaller or disappear. 
Leaf blades of most Lasiacis species are similar anatomically. 
Lasiacis procerrima. in parallel with its gross morphological distinctive­
ness, is anatomically very distinct. It has thick leaves, well-developed 
bulliform cells, multilayered bundle sheaths, large sclerenchyma girders, 
and MVB's with two closely associated SVB's (Figure 11). Lasiacis 
oaxacensis is most similar anatomically to L. procerrima (Figure 13). It 
also has two SVB's closely associated with the MVB. In all other species, 
SVB's may occasionally diverge from the MVB and in the appropriate cross 
sections, thus appear closely associated with the MVB. In these species, 
the association is not consistent throughout the length of the blade. 
In L. ruscifolia and L. anomala. the OS of the PVB's is interrupted 
(Figure 7). In all other species, the OS of the PVB is usually complete, 
but an interruption can be observed infrequently, in which case it is prob-
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Table 2. Anatomical character states for Lasiacis leaf blade 
cross sections (adapted from Metcalfe, 1960) 
Sclerenchyma 
1. PVB with small adaxial and abaxial girders. 
2. PVB with low, wide, somewhat triangular adaxial and abaxial gird­
ers . 
3. PVB with combined adaxial and abaxial girders anchor-shaped. 
Midrib 
4. MVB single or occasionally with one or two closely associated 
SVB's. 
5. MVB always with two closely associated SVB's. 
Bulliform Cells 
6. Bulliform cells conspicuously large, in regular group—Zea type. 
7. Bulliform cells in well-defined, regular groups but only gradually 
larger than the remaining epidermal cells. 
Chlorenchyma 
8. Chlorenchyma of spongy layer conspicuously elongated and arranged 
perpendicularly to the palisade chlorenchyma. 
9. Chlorenchyma with arm cells. 
10. Chlorenchyma not conspicuously elongated or with arm cells. 
Bundle Sheaths 
11. IS and OS of PVB complete, sometimes with slight adaxial extension 
of colorless cells. 
12. IS and OS of PVB complete, IS two or three cells wide below the 
phloem, OS variously multilayered. 
13. IS of PVB complete; OS interrupted adaxially and abaxially. 
14. IS of PVB complete; OS interrupted abaxially. 
15. IS of PVB complete; OS interrupted adaxially. 
16. OS of SVB with an adaxial extension of colorless cells. 
17. OS of SVB with adaxial and abaxial extensions of colorless cells. 
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Table 3. Anatomical characteristics of Lasiacis species 
as seen in cross sections of leaf blades 
Bull-
Scleren- Mid­ iform Chloren­ Bundle sheaths 
Species chyma rib cells chyma PVB SVB 
L. anomala 4 7 9, 10 13, 14 16 
L. divaricata 
var. divaricata 3 4 7 10 11, 14 16 
L. liRulata 3 c 4 7 10 14 16 
L. linearis 2-3 4 7 10 11 16 
L. niRra 1 4 7 10 11 16 
L. oaxacensis 
var. oaxacensis 1-2 5 6 8, 10 11-13 16-17 
L. oaxacensis 
var. maxoni 1-3 5 6 10 11 16 
L. procerrima 2 5 6 8 12 17 
L. rhizophora 1 4 7 10 11 16 
L. ruscifolia 
var. ruscifolia 3 4 7 10 13, 14, 15 16 
L. ruscifolia 
var, velutina 1-2 4 7 8, 10 11 16 
L. scabrior 1 4 7 10 11 16 
L. sloanei 3 4 7 10 11, 14 16 
L. sorehoidea 
var. sorghoidea 3 4 7 10 11, 14 16 
lumbers in the table refer to the character states listed in Table 2. 
Numbers separated by a comma indicate that both character states have 
been observed in the species. 
^Numbers connected with a hyphen indicate that an intermediate condi­
tion between the two indicated character states exist in the species. 
ably due to the lignification of the outer bundle sheath cells between the 
IS and the schlerenchyma girders. 
One curious and anomalous observation was the presence of arm cells in 
the chlorenchyma of a single field collection (D 2580) of L. anomala (Fig­
ures 6, 7, 8). Examination of greenhouse progeny from the same plant sam­
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pled for the field collection failed to demonstrate these cells. Neither 
were they noted in field collections and greenhouse collections of D 2522 
and 2 2591, both also collections of anomala. Arm cells are character­
istically present in the chlorenchyma of bambusoid grasses. The signifi­
cance of these cells in a single Lasiacis collection is not known. 
Leaf anatomy generally is not useful for specific identification, 
although at least L. procerrima and L. oaxacensis could be fairly reliably 
identified on this basis. Turpe (1966) in a study of Argentinian species 
of Paspalum, on the other hand, was able to show the existence of many 
specific differences. However, she noted that leaf anatony could better be 
correlated with the ecological habitats of the plants than their taxonomic 
position within the genus. Since the species of Lasiacis are not 
diverse ecologically, there may be a corresponding lack in anatomical dis­
tinctiveness. 
Leaf Blade Epidermis 
The epidermal cells of grass leaves are arranged in rows parallel to 
the long axis of the blade. The zone of cells over the veins, the costal 
zone, is usually conspicuously different in appearance from the zone 
between the veins, the intercostal zone (Figures 17, 20, 21). The epider­
mis of grass leaves contains a number of distinct cell types which in 
Lasiacis include long cells, short cells (both cork and silica cells), 
guard cells and associated subsidiary cells, microhairs, prickle hairs, and 
macrohairs. 
The following seven species have been examined for epidermal anatomy: 
L. divaricata. D 2196; L. linearis. DP 2100; L. procerrima, Soderstrom s_ ri; 
Figures 17-21. Paradermal view of the leaf blade epidermis of Lasiacis 
species 
17. Lower epidermis of L. procerrima; note costal and 
intercostal zones; 175X 
18. Costal zone in lower epidermis of L. nigra: 600X 
19. Costal zone in upper epidermis of L. scabrior; 600X 
20. Lower epidermis of L. rhizophora; 475X 
21. Upper epidermis of L. sloanei; 450X 
Abbreviations: cz = costal zone; ds = dumbbell-shaped 
silica body; iz = intercostal zone; Ic = long cell; 
mh = microhair; ns = nodular-shaped silica body; ph = 
prickle-hair; sh = short cell 
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L. rhizophora, P 12489; L. scabrior, PD 11692; L. sloanei, DP 2200; 
L. sorghoidea. PD 10790. The following observations refer primarily to the 
adaxial epidermis, although the abaxial surface is quite similar. Long 
cells in the costal zones are relatively long and narrow with sinuous walls. 
Those of the intercostal zone vary, depending on the species, but are 
always larger than those of the costal zones. They may be nearly cubical 
or distinctly rectangular and possess sinuous or nearly straight cell walls. 
Between the costal and intercostal zones and associated with the PVB's is 
an intermediate zone of long cells in which the cells are like those of the 
costal zone but become wider and shorter toward the intercostal zone (Fig­
ure 21). 
The short cells in the costal zones are arranged in long continuous 
rows, commonly with alternating silica and cork cells. The silica bodies 
within the silica cells are primarily dumbbell-shaped with a smaller number 
being nodular-shaped (Figures 18, 19, 20, 21). No short cells occur in the 
intercostal zone. In the intermediate zone, short cells occur in pairs or 
occasionally singly, rather than in long rows as in the costal zone. 
Stomata occur in one or two rows among the long cells on each side of 
the costal zone (Figures 17, 20). The stomatal complex is made up of two 
dumbbell-shaped guard cells and two subsidiary cells. The shape of the 
subsidiary cells is typically triangular to low dome-shaped (Figures 17, 
20). 
Microhairs are bicellular (Figure 16). The distal cells have much 
thinner cell walls than those of the basal cell and for this reason are 
often distorted. When undamaged, they can be observed to taper to a some­
what rounded point. In all but one of the six species examined, the ratio 
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between the distal cell and the basal cell varied from 1.1/1 to 1.5/1. In 
L. sorghoidea, the basal cell was usually somewhat longer than the distal 
cell, the ratio varying from 1.2/1 to 1/1.2. 
Angular prickle-hairs are present on the margins of all Lasiacis 
leaves. Prickle-hairs may also be present on the surface of the blade 
lamina, in which case they usually occur in rows interspersed among the 
short cells of the costal zone (Figure 19). In L. sloanei, prickle-hairs 
were found in the intercostal zone. 
Macrohairs vary greatly in size and shape. Their base is usually 
deeply sunken in the leaf surface and is surrounded by cushions of large 
cells (Figure 10). 
Discussion 
Anatomical characterization of the Panicoideae and the Bambusoideae 
has been made by Prat (1936), Brown (1958), Metcalfe (1960), and Gould 
(1968). Lasiacis appears to be typically panicoid in the following charac­
ters; Angular SVB's, radiate chlorenchyma, short cells of costal zones in 
long rows, dumbbell- and nodular-shaped silica bodies, macrohairs with 
sunken bases, bicellular microhairs with thin-walled, tapering distal 
cells, and triangular- or dome-shaped subsidiary cells. Lasiacis differs 
from most panicoid grasses in the possession of a definite double bundle 
sheath around the PVB's. The majority of panicoids have a single outer 
parenchyma sheath, the inner sclerenchyma sheath being absent. However, a 
number of otherwise typical panicoids, especially members of the Paniceae 
including some species of Panicum, do possess double sheaths, especially 
around the PVB's (Metcalfe, 1960; Brown, 1958). Brown (1958) speculated 
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that the advanced panicoid type of leaf anatony is one in which absence of 
an inner sheath is associated with specialization for starch formation by 
outer parenchyma sheath and the concurrent loss of this function by the 
chlorenchyma. In the presence of the inner sheath and absence of starch 
formation in the outer sheath, Lasiacis could, therefore, be considered a 
primitive member of the Panicoideae. In no anatomical characters is 
Lasiacis bambusoid. The contentions of Nuflez (1952) and Hsu (1965) of sim­
ilarity to the bamboos in leaf anatomy must, therefore, be rejected. 
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BREEDING SYSTEM 
No information concerning the breeding system of Lasiacis has been 
published. The following observations have been made in the greenhouse and 
in the field. 
Anthesis in all species takes place in the morning, whether the plants 
are in the field or in the greenhouse. During anthesis, the lodicules 
force the lemma and palea of the fertile floret wide apart. This enables 
the coiled styles and filaments to straighten and to exsert the stigmas and 
anthers from the spikelet. The stigmas and anthers are always exserted 
simultaneously. Soon after exsertion, the spikelet closes again. When 
fully exserted, the anthers hang down on slender filaments and may be 
shaken in the wind. Pollen is then released into the air from a slit near 
the apex of the anther. Anther dehisence is dependent upon environmental 
conditions, especially soil moisture and atmospheric humidity. Under dry 
conditions, dehiscence may take place very soon after exsertion of the 
anthers. Under hot, very humid conditions or in rain, dehiscence may be 
greatly or completely retarded. The feathery stigmas are receptive within 
an hour after exsertion. 
All species tested in the greenhouse (Table 4) proved to be self-com-
patible. 
Self-compatibility, simultaneous exsertion of stigmas and anthers, 
simultaneous pollen release, and simultaneous stigmatic receptivity suggest 
that selfing is the dominant mode of pollination. Controlling pollination 
by isolating plants showed this to be the case. Fruit-set under these con­
ditions usually varied from 55-95%. Lasiacis procerrima was notable in its 
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Table 4. Determination of self-compatibility and percent of 
spontaneous fruit-set in isolated plants of Lasiacis 
No. of collec­ No. of 
tions tested for spikelets % fruit-
Species self-compatibility counted set 
L. anomal a 3 150 80 
L. divaricata 7 380 90 
L. linearis 1 25 60 
L. nigra 2 - -
L. oaxacensis 1 - -
L. procerrima 3 210 5 
L. rhizophora 2 80 55 
L. ruscifolia 5 500 95 
L. sloanei 1 
57. fruit-set. Even hand pollination between different plants of 
L. procerrima failed to improve fruit set appreciably. It is possible that 
stigmas may be receptive much later than in the other species, but this has 
not been investigated. 
Self-pollination under natural conditions is undoubtedly the most 
important mode of pollination. A certain amount of cross-pollination prob­
ably also takes place. This is especially expected in crowded, dense popu­
lations where inflorescences of different plants would often intermingle. 
Under such conditions, wind-borne pollen would facilitate cross-pollination. 
Even then, pollination within an infloresence is still most likely. Fur­
thermore, in such populations most plants might be expected to have been 
derived from seed formed by self-pollination. Intrapopulational genetic 
diversity would, therefore, be low, and occasional outcrossing would not be 
highly effective in maintaining genetic variability. No information is 
available on the competition of foreign pollen with pollen from the same 
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plant as the stigmas. If foreign pollen had a competitive advantage, this 
might increase the effectiveness of the small amount of cross-pollination 
that takes place. 
One factor that may tend to increase the chance of cross-pollination 
is the occurrence of staminate flowers in the sterile florets of some spe­
cies. In the greenhouse, it is not uncommon to find only anthers from 
these staminate flowers exserted on a particular day. In a natural popula­
tion, this could effectively increase the amount of pollen available for 
cross-pollination. 
Deviation from the typical process of anthesis and pollination may 
take place. This results from the failure of the stigmas and anthers to be 
fully exserted at anthesis. When this happens, usually only the tips of 
the anthers and stigmas emerge from the spikelet. Less commonly, the 
anthers and stigmas remain entirely included within the lemma and palea 
after it closes again. The opening and closing of the lemma and palea can 
cause dehiscence of the anthers and may effectively distribute pollen on 
the stigmas. Such pseudocleistogamy has been observed in occasional spike-
lets of most greenhouse plants. 
Grasses are generally recognized as anemophilous plants. However, 
some tropical forest grasses are pollinated, at least in part, by insects 
(Soderstrom and Calder6n, 1971). Even some temperate-zone grasses such as 
Zizania aquatics are sometimes visited by bees collecting pollen (Thieret, 
1971) . I have not observed any insect visitation to any Lasiacis species 
in the field. If such visits do occur, effective pollination, especially 
cross-pollination, would probably seldom take place. 
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As with the majority of flowering plants (Baker, 1959), Lasiacis spe­
cies have a system of mixed outbreeding and inbreeding, with inbreeding the 
dominant force. With such a predominantly autogamous breeding system, var­
iation within local populations is theoretically expected to be minimal 
(Baker, 1959; Grant, 1971), and this is what is observed in the field. 
Occasional outcrossing is, however, adequate to maintain at least a low 
level of genetic variability. 
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CHROMOSOME NUMBERS 
New chromosome number determinations for 62 collections of Lasiacis 
are listed in Table 5. Also included in Table 5 are previous reports of 
chromosome numbers for ten collections representing six species (Parodi, 
1946; NuRez, 1952; Tateoka, 1962; Gould and Soderstrom, 1967, 1970; Reeder, 
1967, 1968), 
Reeder (1968) reported L. sloanei to have n^ = 18. However, the plant 
upon which it is based is the glabrous form of L. nigra. The voucher lacks 
the long, well-separated panicle branches of L. sloanei, and the spikelets 
are not short-pedicelled and appressed to the panicle branches. Further­
more, the spikelets are purple, a character unknown in L. sloanei, and the 
leaves lack the short, densely puberulent pseudopetiole of L. sloanei. 
The counts reported by Parodi (1946) and NuKez (1952) were probably 
based on L. divaricata var. austroamericana, since only this variety of 
L. divaricata occurs in Argentina. I have not seen any voucher specimens 
for these counts. 
The chromosome number n^ = 18 has now been determined for 71 collec­
tions of Lasiacis. Pairing was complete and no irregularities were noted 
in my preparations (Figure 22) nor have previous authors reported any 
irregularities. For one collection of L. sorghoidea from Caqueta, 
Colombia, the number ii • 9 has been reported (Gould and Soderstrom, 1970). 
This diploid is morphologically similar to tetraploids of the same species. 
From this limited sample, it seems clear that most Lasiacis popula­
tions are tetraploid. It can also be reasonably surmised that most of the 
speciation has taken place at this level and that polyploidy, after its ini-
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Table 5. Chromosome numbers and voucher specimens for Lasiacis species 
L. anomala; n = 18^ 
VENEZUELA: Guarico, 10 km SSE of Calabozo, D 2916; 5.5 km W of 
Guayabol, D 3001. TRINIDAD; 2 mi NE of Piarco, D 2591. D 2591B, 
D 2592; between Piarco and Piarco Int'l Airport, D 2522B; Irois Bay, 
D 2580A. 
L. divaricata var. divaricata; ii = 18, 2^ = 36^ 
HONDURAS: Atlantida, 17 km SSE of La Ceiba, DP 2196A^. JAMAICA: St. 
Thomas Parish, 2.3 mi N of Eleven-Mile Intersection, D & Conroy 3258^. 
DOMINICAN REPUBLIC: Barahona, 12 km NNE of Polo, D 2721. 
L. divaricata var. austroamericana^; 2n • 36 
ARGENTINA, no vouchers indicated (Parodi, 1946; Nunez, 1952). 
L. harrisii: n = 18^ 
JAMAICA: Portland Parish, Muriel's Rock, D & Proctor 3242. 
L. linearis ; n = 18^ 
HONDURAS: Morazan, Cerro La Tigra, 11 km NE of Tegucigalpa, 2121; 
Cerro Uyuca, ^  2106. 
L. ligulata; n = 18 
SURINAM: Zuid Rivier, Irwin et al 557908^ (Gould and Soderstrom, 
1967). COLUMBIA: Caqueté. Soderstrom 1415 (Gould and Soderstrom, 
1970). 
L. nigra: n = 18 
MEXICO: San Luis Potosi, 41 mi W of San Luis Potosi, Reader & Reader 
4765^ (Reader, 1968). EL SALVADOR: Libertad, Volcan de San Salvador, 
^First count recorded for this taxon. 
^Root tip count. 
c 
Originally reported as L. divaricata (see text). 
^Voucher seen. 
0 
Voucher not seen. 
^Originally reported as L. sloanei (see text). 
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Table 5. (continued) 
DP 2025. HONDURAS: Morazin, Cerro La Tigre, 10 km NE of Tegucigalpa, 
DP 2119; El Parafso, 7 km NW of San Lucas, PD 12161. COSTA RICA: 
Alajuela, 10 km N of San Ramon, M 11275; Cartago, Moravia de 
Chirripé, PD 11870; 25 km SW of Tejar, PD 11134; San José, 2 km NNE of 
San Gabriel, PD 11051. VENEZUELA; Aragua, Rancho Grande, D 3033; 
Alto de Choronf, D 3100; Mirida, 66 km NE of Merida D 3240. 
L. oaxacensis var. oaxacensis; 2n • 36^ 
EL SALVADOR: Libertad, Volcin de San Salvador, ^  2026A^. 
L. oaxacensis var. maxoni; 2n « 36^ 
HONDURAS: Yoro, 15 km SSE of R£O Viejo, DP 2199A^. 
L. procerrima. n » 18; 2n • 36^ 
EL SALVADOR: Chalatenango, 7 km SSE of La Palma, ^  2072. NICARAGUA: 
Zelaya, intersect, of Waspam-Puerto Cabezas Rd. and Rfo Lecus, 
DP 2347, 2347A^, PE 12701. HONDURAS: Morazan, between San Juancito 
and Valle de Angeles, DP 2125; between El Zamorano and San Antonio de 
Oriente, DP 2161; 
El Paraîso, 32 km W of Danlf, ^  2146. COSTA RICA: Guanacaste, 8 km 
E of Liberia, PD 10639; 10 km NE of Las Juntas, PD 10960; Puntarenas, 
near San Vito de Java, PD 11163. COLOMBIA: Caqueta, Florencia, 
Soderstrom A, Ç, E. 
L. rhizophora; n = 18, 2n = 36 
MEXICO; Chiapas, Sierra Madré, Tateoka 1030^'^ (Tateoka, 1962). 
HONDURAS; El Parafso, 8 km W of Yuscarân, HE 12748; Morazan, Cerro 
Uyuca, P 12489. P 12489A. COSTA RICA: San José, S of Cûrridabat, 
PD 11694A; 1 mi N of San Gabriel, PD 11179. 
L. ruscifolia var. ruscifolia; n = 18, 2ii = 36 
MEXICO: Chiapas, Mapestepec, Tateoka 1001^*^ (Tateoka, 1962); Vera­
cruz, Santiago Tuxtla, Reeder 4333^ (Reeder. 1967); San Luis Potosf, 
near Xolol, PD 11808. PD 11808B. EL SALVADOR: Santa Ana, 11 km E of 
Metapân, PE 12583. HONDURAS: Atlantida, 9 km E of Tela, DP 2188; 
Cortes, 1 km S of Puerto Cortes, DP 2169. COSTA RICA: Guanacaste, 
Hacienda Murciélago, ^  11562A; Puntarenas, 1.5 km S of the Puntarenas-
Interamerican Highway jet., PD 11278. COLOMBIA; Caqueta, Soderstrom 
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Table 5. (continued) 
1415^ (Gould and Soderstrom, 1970). VENEZUELA: Guarico, 14 km N of 
Dos Caminos, D 3012^. 
L. ruscifolia var. velutina; n = 18^ 
HONDURAS: Morazan, between El Zamorano and San Antonio de Oriente, 
DP 2162. 
L. sloanei; n = 18^ 
HONDURAS: Yoro, 19 km SE of Rio Viejo, DP 2200. COSTA RICA: Guana-
caste, 30 km N of Caîias, PE 12637; Puntarenas, road to Boruca, 
PD 10994. 
L. sorghoidea var. sorghoidea; n = 9 
COLOMBIA; Caqueta, Soderstrom 1407^ (Gould and Soderstrom, 1970). 
L. sorghoidea var. sorghoidea; n = 18, 2n = 36^ 
COSTA RICA: Puntarenas, Finca Las Cruces, near San Vito de Java, 
PD 107900^. PANAMA: Morton B. VENEZUELA: Amazonas, Isla Carestxa, 
5 km NNW of Sanariapo, D 2875; 12.5 km S of Puerto Ayacucho, D 2785; 
20 km S of Puerto Ayacucho, D 2839; Barinas, 43 km NW of Barinas, 
D 3194; 31 km NW of Barinas, D 3184; Distrito Federal, 19.8 km S of 
Carayaca, D 2902; Guarico, 10 km S of San Juan de los Morros, D 3015; 
Portuguesa, 20 km NE of Guanare, D 3149. JAMAICA: St. Andrew Parish, 
Silver Hill, D & Proctor 3247; above Gordon Town, D & Proctor 3250. 
L. sorghoidea var. patentiflora; n = 18^ 
VENEZUELA: Mérida, 32 km NE of Mërida, D 3232. 
L. standleyi; ri = 18^ 
COSTA RICA: San José, between La Hondura and La Palma, PD 11210. 
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tial establishment in the ancestral species of the genus, has played little 
or no further part in the evolution of the group. The genus as a whole 
seems to have become secondarily diploidized at the 4x level. 
Although the single diploid count must be reconfirmed in view of the 
predominance of tetraploidy in the genus, it is, nevertheless, interesting 
to speculate concerning the significance of this diploid population from 
the Amazonian region of Colombia. This plant may represent a relict, 
ancestral diploid population. If this were true, it would help in under­
standing the early evolution in the genus. 
As one hypothesis to explain the evolution of Lasiacis, it might be 
suggested that the characters by which Lasiacis is now recognized as a 
distinct group arose in one quantum jump through an initial polyploidiza-
tion. If the Colombian plant indeed represents an ancestral diploid, we 
can at once conclude that Lasiacis did not evolve as a direct result of 
polyploidization since the diploid plant already possesses the characteris­
tics of Lasiacis. Furthermore, since L. sorghoidea is an erect woody spe­
cies, this suggests that this morphological type is the most primitive in 
the genus. If the relict interpretation is correct, then the Amazonian 
basin must also be given prime consideration as an area for the origin of 
the group, although the greatest diversity in the genus presently exists 
northwest of this area. It is recognized, of course, that such an ances­
tral diploid could also have previously had a much greater distribution and 
that only a small population has survived to the present. 
An alternative to the relict interpretation is that the diploid repre­
sents a secondary derivative through haploidization. Raven and Thompson 
(1964) pointed out that there is no theoretical reason why haploidy, and in 
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particular polyhaploidy, could not have played a role in the evolution of 
some plant groups. De Wet (1971) has reviewed this problem, described some 
known examples, and concluded that such newly created diploids may be much 
more common than is generally recognized. He further notes that true 
genomic autotetraploids produce successful haploids more readily than 
diploidized tetraploids such as true allopolyploids. He considers distri­
bution to provide convincing evidence for the origin of diploids from tetra­
ploids. Applying the process of haploidization as an explanation for the 
origin of the single known diploid population must be done with hesitation 
because of the limited data. However, it must at least be considered as an 
alternate hypothesis. I have already noted that Lasiacis species probably 
represent completely diploidized tetraploids. Following de Wet's reason­
ing, this does not favor the haploidization hypothesis. However, the pre­
sumed limited distribution of the diploid, the much wider distribution of 
the tetraploids, plus the ecological and morphological equivalence of the 
diploid and tetraploids are at least circumstantial evidence for a haploid 
origin. It is quite apparent that a great deal more chromosome information 
from South America must be accumulated before a resolution of the problem 
can be made. 
The Panicoideae have a base number of x = 9 or 10 and small- or 
medium-sized chromosomes (Stebbins, 1956; Gould, 1968). In this respect 
Lasiacis is typically panicoid. All species investigated have a base num­
ber of X "= 9 with medium-sized chromosomes. Nunez (1952) after studying 
mitotic chromosomes of L. divaricata stated that its chromosomes were 
larger than any panicoid studied by him except Pennisetum. My impression 
on the basis of studying meiotic chromosomes of a large number of American 
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tropical grasses (Pohl and Davidse, 1971; Davidse and Pohl, 1972a, 1972b) 
is similar. Lasiacis chromosomes are among the largest of the Panicoideae, 
but are distinctly smaller than those of typical Festucoideae. 
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HYBRIDIZATION 
General 
A program of artificial interspecific hybridization was begun to 
evaluate the genetic relationships among the species, to determine the 
types of internal reproductive barriers between species, and to assess the 
potential for gene exchange through natural hybridization. Large peren­
nials such as Lasiacis that often take more than one year to flower are not 
ideal plants for hybridization studies, and for this reason, the results 
are still incomplete. 
A total of 758 hand pollinations were made from which 78 hybrids were 
obtained for an overall 12% hybrid fruit-set. In Table 6, only those 
crosses for which hybrid fruit was produced are summarized. No great sig­
nificance can be attached to percentage hybrid fruit-set since the number 
of successful crosses increased with experience in the crossing technique. 
Summaries for those interspecific hybrids analyzed morphologically and 
cytologically are given in Tables 7 and 8. Individual crosses will be dis­
cussed below. Since no significant morphological differences were noted 
for hybrids derived from reciprocal crosses, the measurements for such 
crosses have been pooled in Table 7. Table 9 lists pollen fertility data 
for non-hybrid Lasiacis plants. These data serve as a standard reference 
for the comparison of similar data from hybrid plants. 
Lasiacis linearis x L. ruscifolia var. ruscifolia 
Both hybrids were robust vegetatively and produced inflorescences 
freely. The plants were intermediate morphologically in most respects to 
their parents (Figure 34; Table 7). Purple stigmas, as in all crosses 
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Table 6. Summary of inter- and infraapecific hybridizations among 
Lasiacia species from which hybrid plants were produced 
No. of 
parental 
No. combina­ Fruit-set 
parental No. of No. of tions No. of of 
combinations polli­ cary­ producing hybrid hybrids 
Cross attempted nations opses hybrids plants (%) 
L. anom. x anom. 11 16 6 3 6 38 
L. anom. x div. 4 8 3 3 5 63 
L. anom. x ruse. 14 136 81 6 20 15 
L. div. X anom. 7 18 2 1 1 6 
L- div. X ruse. 6 25 4 2 2 8 
L. lin. X anom. 4 11 6 1 1 9 
L. lin. X div. 2 3 1 1 1 33 
L. lin. X proc. 2 5 2 1 2 40 
L. lin. X ruse. 3 6 3 1 2 33 
L. proc. X proc. 1 20 1 1 1 5 
L. proc. X rhiz. 4 64 8 2 8 13 
L. rhiz. X anom. 2 25 2 1 1 4 
L. ruse. X anom. 13 120 48 5 24 20 
L. ruse. X div. 4 10 1 1 1 10 
L. ruse. X proc. 2 22 7 1 1 5 
L. ruse. X rhiz. 4 30 11 1 2 7 
involving a parent with purple stigmas, is dominant to white stigmas. 
Although the growth habit of the hybrid is creeping, the culms tend to be 
more erect than is typical in L. linearis. 
Anthers and stigmas were exserted readily but the anthers rarely 
dehisced. Meiosis was quite regular (Figure 30; Table 8), but the pollen 
fertility of the hybrid was quite low, 21%. Since the anthers rarely 
release pollen because of their almost total lack of dehiscence, effective 
pollen fertility is closer to 0%. No caryopses were formed under open pol­
lination. Thirty-one spikelets of the hybrid were backcrossed with the 
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Table 7. Summary of some selected morphological characteristics 
of Lasiacis species and their hybrids 
Ligule Spike- Inflor-^ 
Leaf Cilia let escence 
L W Pubesg L L L L W Stigma 
Taxa (cm) (cm) cence (mm) (mm) Habit (mm) (cm) (cm) color 
L. lin. 19.5 1.4 sp. hispid 3.0 2.0 creeping 4.5 25 16 purple 
hybrid 15.0 2.0 puber. 1.7 1.5 creeping 4.0 20 11 purple 
L. ruse. 11.5 2.6 puber. 0.5 0.5 erect 3.7 13 6 white 
L. lin. 19.5 1.4 sp. hispid 3.0 2.0 creeping 
hybrid 8.0 1.2 puber. 1.5 1.7 creeping 
L. anom. 8.0 2.4 d. puber. 0.3 0.7 erect 
L. rhiz. 12.0 2.0 sp. hispid 0.4 2.6 creeping 3.8 10 3 purple 
hybrid 6.5 1.2 puber. 0.7 2.0 semi-cr. 3.7 6 2 purple 
L. anom. 8.0 2.4 d. puber. 0.3 0.7 erect 3.4 11 3 white 
L. rhiz. 12.0 2.0 sp. hispid 0.4 2.6 creeping 3.8 10 3 purple 
hybrid 7.0 1.7 sp. puber. 0.5 1.0 semi-cr. 3.9 6 3 purple 
L. ruse. 12.0 2.5 sp.ps.-gla. 0.5 0.5 erect 4.2 10 4 white 
L. proe. 24.0 5.3 glaucous 0.7 0 erect 3.6^ 44 33 white 
hybrid 17.0 3.0 m. puber. 0.8 1.7 creeping 4.1 29 18 purple 
L. rhiz. 12.0 2.0 sp. hispid 0.4 2.6 creeping 3.8 10 3 white 
L. ^ nom. 9.0 2.4 d. puber. 0.6 0.6 erect 3.4 14 5 white 
hybrid 10.0 2.9 puber. 0.6 0.7 erect 3.9 11 5 white 
L. ruse. 12.0 2.5 sp.ps.-gla. 0.5 0.5 erect 4.2 10 4 white 
^Hybrids are listed irrespective of their ovule and pollen parents, 
i.e., reciprocal crosses have been combined in this table. 
^Pubescence of upper leaf blade surface. The following abbreviations 
are used: cr.-creeping; d.-densely; gla.-glabrous; m.-minutely; ps.-pubes­
cence; puber.-puberulent; sp.-sparsely. 
^Width refers to the length of the longest panicle branch. 
^The L. linearis x L. anomala was vegetatively nearly mature at the 
time of analysis but had not flowered. 
^Spikelets in the L. procerrima x L. rhizophora hybrid were pointed, 
not subglobose as in the parents, hence, were longer. 
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Table 7. (continued) 
Ligule Spike- Inflor-
Leaf Cilia let escence 
L W Pubes- L L L L W Stigma 
Taxa (cm) (cm) cence (mm) (mm) Habit (mm) (cm) (cm) color 
L. div. 10. 0 1.4 glabous 0.4 0 erect 4.2 16 6 purple 
hybrid 8. 5 1.8 puber. 0.7 0.7 erect 3.8 15 5 purple 
L. anom. 9. 5 2.0 d. puber. 1.0 0.4 erect 3.6 15 4 white 
L. div. 10. 0 1.4 glabrous 0.5 0 erect 4.3 16 5 purple 
hybrid 10. 5 2.2 gla.-m.puber 0.5 0.3 erect 4.1 14 5 purple 
L. ruse. 12. 0 2.5 sp.ps.-gla. 0.5 0.5 erect 4.1 11 5 white 
pollen parent, L. ruscifolia. Four caryopses were produced, giving a 13% 
ovule fertility which is similar to the percent of pollen fertility. 
Although gene exchange is potentially possible through female hybrids, 
it is probably of no consequence under natural conditions because the spe­
cies are ecologically isolated. The initial hybridization would, there­
fore, be extremely rare. Ecological isolation and gametic sterility com­
bine to make these species strongly reproductively isolated. 
Lasiacis linearis x L. anomala 
The single morphologically intermediate hybrid grew very vigorously 
initially but through some unknown cause became essentially dormant and 
remained so for about nine months. Recently (July, 1972) it has shown 
signs of resuming growth. Since no infloresences have been produced, noth­
ing is known about the chromosome behavior or fertility of the hybrid. 
Despite the growth problems, this cross appears to be potentially vegeta-
tively vigorous. 
Table 8. Summary of chromosome associations (dlakinesls and metaphase I) and pollen 
fertility In Infraspecific and Interspecific Laslacis hybrids 
Pollen fertility 
No. cells Chromosome associations (%) (%) 
Cross examined 18^ 17^^+2^ 16^.^+1^.^ Other Mean Range 
L, anoro. x L. anom. 
2523A X 2523A 88 
2522A X 2522A 50 
2523A X 2522A 22 
2522A X 2580 47 
L. anom. x L. div. 
~ 2580B X 2295A 69 
2591A X 2295A 177 
L. anom. x L. rus. 
2522A X Î1562A 312 
2580B X 11562B 113 
2523A X 11562B 76 
L. div. X L. rus. 
2295A x~11562A 133 
WTX-A X 11562A 54 
L. Iln. X L. rus. 
2100C X 2188A 110 
L. proc. X L. rhiz. 
Sod. D. X 11694A 254 
100 - -
98 - - 2 
95 - 5 
100 - -
99 - 1 
88 5 7 
94 2 4 
93 1 6 
91 7 2 
96 3 1 
93 7 
91 8 1 
16 3 66 1 
97 95-100 
91 78-99 
75 65-84 
76 58-85 
52 36-87 
34 33-35 
41 40-42 
2 1-3 
21 14-30 
14^  0 0 
a, 
The following chromosome associations are included in this category: 15^^+2^+1^.^; 14^^+2^^; 
Table 8. (continued) 
Cross 
No. cells Chromosome associations (%) 
examined 18^^ Other 
Pollen fertility 
(%) 
Mean Range 
L. rhiz. X L. anom. 
11694A X 2523A 108 91 0 
rus. X L. anom. 
11562A X 2522A 
11562B X 2523A 
11562A X 2591A 
11562A X 2522B 
138 
258 
252 
154 
96 
96 
93 
87 
4 
3 
4 
5 
1 
3 
8 
2; 25 
26 
4 
4 
1-3; 25 
23-28 
4-12 
3-8 
L. rus. X L. rhiz 
11562A X 11694A 310 85 12 0-2 
L. rus. X L. rus. 
2188A x"2188A 
11562A X 11562A 
171 
52 
96 
96 
3 
2 
1 
2 
91 78-98 
Several plants with significantly different pollen fertilities; results not averaged (see dis­
cussion in text). 
'The following chromosome associations are included in this category; 15^^+2^+1^^; 15^^+6^. 
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Table 9. Pollen fertility (%) of various 
greenhouse Lasiacis accessions 
Taxa Average Range 
L. anomala 
D 2522 91 78-99 
D 2523 97 95-100 
D 2580 91 88-94 
L. divarlcata var. divaricata 
" WTX 
DP 2295 
D 2674 
87 87 
97 94-99 
91 91 
L. ligulata 
D 2561 
L. linearis 
DP 2100 
L. nigra 
Morton 
L. oaxacensis var. oaxacensis 
DP 2026 
L. procerrima 
Soderstrom 
DP 2347 
L. rhizophora 
P 12498 
L. ruacifolia var. ruscifolia 
DP 2033 
DP 2169 
DP 2188 
EP 2198 
PD 11808 
89 89 
91 88-94 
98 98 
88 88 
98 98 
92 88-96 
94 85-99 
81 80-82 
99 99 
96 92-99 
93 91-96 
93 91-97 
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Lasiacis linearis x L. divaricata var. divaricata 
A single hybrid has been produced. At present, it is only a seedling 
and is clearly morphologically intermediate. The seedling is vegetatively 
vigorous. 
Lasiacis linearis x L. procerrima 
Two seedlings have been produced. They are morphologically intermedi­
ate between the parents and are vegetatively vigorous. 
Lasiacis rhizophora x L. anomala 
The single hybrid was stunted in having small inflorescences and culms 
(Figure 35; Table 7). The internodes were short giving the small leaves a 
crowded appearance. The growth habit was intermediate between creeping and 
erect. The upper internodes were hollow but tended to retain pith longer 
than is typical for L. anomala. Some of the lower internodes remain solid 
as in L. rhizophora. The arrangement of the spikelets in the inflorescence 
was less clustered than in L. rhizophora and more open then in L. anomala. 
The type of spikelets in the hybrid is given in Table 10. Most were of the 
anomala type, and some of these had a staminate flower in the upper sterile 
floret, although the majority had only rudimentary staminate flowers. 
Anthers and stigmas were never exserted from the spikelets. Pollen 
was completely sterile. Chromosome pairing was relatively high. The only 
meiotic irregularity noted was the formation of occasional quadrivalents 
(Table 8). This probably did not contribute much to the pollen sterility. 
These two species are probably isolated by strong internal reproduc­
tive barriers. This is further reinforced by geographical isolation. 
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Table 10. Spikelet types in Lasiacis hybrids 
involving L. anomala as one parent 
Extra fertile 
Standard floret Anomala 
Hybrid No. % No. % No. % Total 
L. ruse. X L. anom. 476 43 578 52 55 5 1109 
L. anom. X L. ruse. 105 29 253 70 5 1 363 
Total 581 40 831 56 60 4 1472 
L. anom. X L. div. 665 94 42 6 0 0 707 
L. rhiz. X L. anom. 0 0 4 13 27 87 31 
^Spikelet consists of two glumes and a sterile and fertile floret. 
^Spikelet consists of two glumes, one sterile floret, and two fertile 
florets. 
^Spikelet consists of two glumes, two sterile florets, and one fertile 
floret. 
Direct natural gene exchange seems nearly impossible under present condi­
tions . 
Lasiacis ruscifolia var. ruscifolia x L. rhizophora 
Two hybrids have been produced. The hybrids were stunted and similar 
in appearance to the L. rhizophora x L. anomala hybrid in having small 
leaves, short intemodes, small culms, and small inflorescences (Figure 38; 
Table 7). These plants would probably not be able to compete successfully 
under natural conditions. Most spikelets were similar to those of the 
L. ruscifolia parent in having a small sterile projection above the base of 
the fertile floret. 
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Stigmas and anthers were but rarely exserted. Those few anthers that 
were exserted failed to dehisce. Pollen was almost completely sterile. 
Despite the vegetative weakness and high pollen sterility, chromosome 
pairing was only slightly reduced (Figures 26, 27, 28). Most of this 
reduction is attributable to failure of a single bivalent to form properly 
(Figure 27; Table 8). However, this probably represents a relatively minor 
cytological aberration and probably does not appreciably contribute to the 
pollen sterility. 
The two species are separated by strong internal reproductive barriers. 
This barrier to gene exchange is reinforced by the ecological differentia­
tion of these two species. 
Lasiacis procerrima x L. rhizophora 
Eight vigorous, mostly morphologically intermediate hybrids were 
obtained (Figures 36, 37; Table 7). These had hollow culms as in the 
L. procerrima parent. Lasiacis spikelets are linear in shape when imma­
ture but become nearly globose by the time flowers have fully developed. 
In the hybrid, the spikelets retained their immature structure to a consid­
erable extent. 
Chromosome pairing was more irregular than in any other interspecific 
hybrid (Figures 31, 32, 33; Table 8). A single quadrivalent was very com­
mon (Figure 33). This is an indication that these two species may be cyto-
logically differentiated by a single reciprocal translocation. 
Out of several hundred spikelets examined, only three exserted anthers 
and stigmas and four more exserted only anthers. All anthers were indéhis­
cent. Pollen was completely sterile. 
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The species are ecologically differentiated. They are probably 
strongly reproductively isolated, 
Lasiacis anomala x L. divaricata var. divaricata 
Five hybrids have been produced, but only four have produced inflores­
cences . All are vegetatively very vigorous and in most respects intermedi­
ate between the parents (Figure 39). The spikelet morphology is summarized 
in Table 10. Significantly, no anomala spikelet type was produced, 
although a low percentage of the spikelets produced an extra fertile floret. 
Some of the standard spikelets had a sterile projection beyond the base of 
the fertile floret. Sixteen of the spikelets with an extra fertile floret 
formed caryopses. In two of these, both fertile florets produced a caryop-
sis. These are the only instances in which such spikelets realized their 
full reproductive potential. Of the remaining spikelets, eight set fruit 
in the lower fertile floret and six in the upper floret. 
Several thousand spikelets were produced which usually exserted their 
anthers and stigmas. Anthers dehisced but not as readily as in the par­
ents . Under open pollination, normal caryopses have been occasionally pro­
duced (a total of 148). Pollen fertility (ca. 75%) was the highest of all 
the interspecific hybrids but was distinctly lower than that of the parents 
(Table 9). An F^ has not been grown so that the possibility of hybrid 
inviability in this generation is not known. 
Chromosome pairing was very regular in one hybrid and only slightly 
reduced in another (Figure 23; Table 8). 
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One hybrid of the reciprocal cross has been obtained. It is morpho­
logically similar to the other hybrids. Since no inflorescences have been 
produced, nothing can be said about its reproductive potential. 
Internal reproductive barriers between these two taxa are only weakly 
developed. The hybrid plants are vigorous vegetatively, flower profusely, 
have relatively high pollen fertility, and are able to reproduce to a low 
degree. Natural hybridization, though quite possible, is not likely 
because these taxa are ecologically isolated in their area of sympatry, 
L. anomala occupying the more xeric habitats. Gene exchange between these 
taxa has probably not been of significance. 
Lasiacis divaricata var. divaricata x L. ruscifolia 
var. ruscifolia 
Two vegetatively vigorous, morphologically intermediate hybrids were 
produced (Figure 40; Table 7). Inflorescence production was moderate in 
the hybrid whose ovule parent originated in Nicaragua. Anthers and stig­
mas were regularly exserted. Anthers dehisced but less readily than in the 
parents. Pollen fertility was moderate. Under open-pollination, some 
caryopses were produced. Backcrossing seven spikelets with L. ruscifolia 
(2188A; a different collection than used as the pollen parent, 11562A) 
resulted in six caryopses, a surprisingly high (86%) fruit-set percentage. 
In the other hybrid, whose ovule parent originated in Florida, inflor­
escence production was sparse. Anthers and stigmas were only rarely 
exserted, and the anthers did not dehisce. Pollen was practically sterile, 
and no caryopses were produced. 
66 
Both hybrids had only slightly reduced chromosome pairing (Figure 25; 
Table 8), and this did not seem to be an important factor in the reduction 
of their reproductive potential. 
One reciprocal hybrid was similar morphologically and has not produced 
inflorescences. 
Reproductive isolation between these two taxa is moderately to 
strongly developed. The rather strong contrast in fertility between these 
hybrids probably indicates that widely distributed species such as the par­
ents are genetically diverse. If this is true, the possibility of success­
ful natural hybridization and gene exchange then depend on the particular 
genotypes which come into contact. 
Lasiacis anomala x L. ruscifolia var. ruscifolia 
Twenty hybrids were produced of this combination and 24 of the recip­
rocal cross. The plants were vegetatively vigorous and produced numerous 
Inflorescences (Figure 41; Table 7). A summary of spikelet types is given 
in Table 10. The within-cross variation of spikelet types was as great as 
that between crosses. No significance is, therefore, attached to the dif­
ferent percentages of each type produced in the reciprocal crosses. Among 
the standard spikelet type are included numerous spikelets with various-
sized sterile projections. 
Exsertion of stigmas and anthers varied from low to moderate. Anther 
dehiscence was poor in the majority of plants, although in few it was mod­
erately good. Pollen fertility was variable ranging from 3-87%. Those 
hybrids with L. anomala as the ovule parent were more fertile on the aver­
age than those with L. ruscifolia as the female parent. Especially strik­
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ing is the range of variation of pollen fertility between hybrids derived 
from the same parent (L. ruscifolia x L. anomala, 11562A x 2522A: Table 8). 
It is possible that environmental factors played a part since some of these 
plants were grown in greenhouses with quite different conditions. This 
would not be surprising since unfavorable environmental conditions might 
severely affect a hybrid that might not be as adaptable because of consti­
tutional weaknesses. In any case, there was a moderate to strong reduction 
in pollen fertility in all but one (87%) of the hybrids between these two 
species. 
The 44 hybrids involving these parents produced a total of 22 caryop­
ses under open pollination. Probably more than 8,000 spikelets were pro­
duced so that these hybrids have a low reproductive potential. This must 
primarily be attributed to the reduced pollen fertility and especially to 
the poor anther dehiscence. A controlled back cross of L. ruscifolia with 
a ruscifolia x L. anomala hybrid resulted in five out of ten caryopses. 
This is a further indication that lack of an adequate amount of fertile 
pollen was largely responsible for the sterility of these hybrids. 
Chromosome pairing in all hybrids was only slightly reduced compared 
to that of the parents (Figures 24, 29; Table 8). 
Lasiacis anomala and L. ruscifolia, although similar morphologically, 
are rather strongly reproductively isolated. Hybridization and gene 
exchange are potentially possible only to low degree and, presently, only 
in a narrow area of sympatry in Venezuela. 
Figures 22-25. First meiotic division in microsporocytes of Lasiacis spe­
cies and hybrids 
22. L. sorghoidea var. sorghoidea, Morton B; n = 18, 
diakinesis; 1800X 
23. L. anomala x L. divaricata var. divaricata, 2591A x 
2295A; 16^.^+1^^, diakinesis; 1300X 
24. L. anomala x L. ruscifolia var. ruscifolia, 2522A x 
11562A; diakinesis; 1800X 
25. L. divaricata var. divaricata x L. ruscifolia var. 
ruscifolia. WTX-A x 11562Â; IS^^, metaphase; 1800X 
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Figures 26-29. First meiotic division in microsporocytes of Laslacis 
hybrids 
26. L. ruscifolia var. ruscifolia x L. rhizophora. 11562Â 
X I1694Â; 15jj+6j, diakinesis; 1800X 
27. L. ruscifolia var. ruscifolia x L. rhizophora, 11562Â 
X 11694A; 17^^+2^, diakinesis; 1800X 
28. L. ruscifolia var. ruscifolia x L. rhizophora, 11562A 
X 11694Â; ISjj, diakinesis; 1300X 
29. L. ruscifolia var. ruscifolia x L. anomala, 11562B x 
2323Â; ISjjj metaphase; 1300X 
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Figures 30-33. First meiotic division in microsporocytes of Lasiacis 
hybrids 
30. L. linearis x L. ruscifolia var. ruscifolia. 2100C x 
2188A; anaphase, normal separation; 1300X 
31. L. procerrima x L. rhizophora- Soderstrom D x 11694A; 
18j.j, diakinesis; 1800X 
32. L. procerrima x L. rhizophora, Soderstrom D x 11694A; 
14jj+2j^, diakinesis; 1800X 
33. L. procerrima x L. rhizophora. Soderstrom D x 11694A; 
15^^+l^y+2^, diakinesis; 1800X 
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Figures 34-37. Comparison of Lasiacis parents and their hybrids 
34. (A) L. linearis. (B) hybrid, (G) L. ruscifolia var. rusclfolia 
35. (A) L. rhizophora. (B) hybrid, (C) L. anomala 
36, 37. (A) L. procerrlma. (B) hybrid, (C) L. rhizophora 
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Figures 38-41. Comparison of Lasiacis parents and their hybrids 
38. (A) L. rhizophora. (B) hybrid, (C) L. ruscifolia var, ruscifolia; L. ruscifolia 
var, ruscifolia was used as the ovule parent ~ 
39. (A) L. anomala. (B) hybrid, (C) L. divaricata var. divaricata 
40. (A) L. ruscifolia var. ruscifolia. (B) hybrid, (C) L. divaricata var. divaricata: 
L. divaricata var. divaricata used as the ovule parent 
41. (A) L. anomala. (B) hybrid, (C) L. ruscifolia var. ruscifolia 
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Lasiacis ruscifolia var. ruscifolia x L. procerrima 
A single hybrid has been produced. It was a very weak, stunted plant 
that only grew to a height of 3 cm in over a year and then died. These two 
species, thus, appear to be very strongly reproductively isolated. 
Spontaneous Hybridization 
To test for the possibility and extent of spontaneous interspecific 
hybridization under conditions favoring this process, 26 plants of four 
species, L. divaricata var. divaricata, L. anomala, L. ruscifolia var. 
ruscifolia, and L. sloanei, were grown together on a 2 x 3 m greenhouse 
bench. The plants were randomly arranged, and their inflorescences were 
often intermingled. Most of the flowering took place from 15 October 1971 
to 1 January 1972. The periodic operation of a greenhouse cooling fan pro­
vided air movement for pollen distribution. A sample of 120 caryopses from 
five different collections of L. divaricata were germinated to determine 
whether any were of hybrid origin. Lasiacis divaricata was used because it 
is easier to routinely detect hybrid offspring with this species. It has 
narrow leaves whereas the other species have broad leaves. Hybrids would 
have intermediate leaf size and would be easily recognized from the narrow 
leaved, non-hybrid L, divaricata seedlings. Three hybrids were recovered, 
2.5% of the seedlings. All were probably L. divaricata x L. ruscifolia. 
Since the conditions of this experiment approach those sometimes found 
in natural populations, it may be concluded that natural interspecific 
hybridization may occur in very low frequencies. 
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Discussion 
The inheritance of the anomala spikelet type is an interesting prob­
lem. In three different interspecific crosses using L. anomala as one par­
ent, inheritance varied considerably (Table 10). In all crosses, some 
spikelets with an extra fertile floret are produced. These spikelets can 
be interpreted as modified anomala types in which the lowest sterile lemma 
develops a palea and in which the upper sterile lemma becomes indurate and 
produces a complete flower (Figure 42). This spikelet type probably 
results from L. anomala genetic influence. Interpreted in this manner, the 
expression of the anomala spikelet type can be seen to be completely domi­
nant in hybrids with L. rhizophora. nearly completely recessive in hybrids 
with L. divaricata, and intermediate in hybrids with L. ruscifolia. Thus, 
it seems reasonable that several genes are probably involved in the expres­
sion of anomala spikelets. 
Hybridization data are summarized in Figure 43. The erect species 
probably form one phylogenetic group and the creeping species another. 
Lasiacis procerrima, paralleling its morphological distinctiveness, is 
probably somewhat isolated from both the creeping and the erect groups but 
is more closely related to the former. The existence of several types of 
internal reproductive barriers between Lasiacis species is reasonably pos­
tulated. Reproductive isolation may be expressed in various degrees of 
inviability in which normal vegetative growth is partially or almost com­
pletely retarded. It is also expressed in reduction of pollen fertility, 
lack of anther and stigma exsertion, and lack of anther dehiscence. The 
combination of these last three factors forms the strongest internal repro­
ductive barrier between most species. It results in a very low reproduc-
Figure 42. Schematic diagrams of Laaiacis spikelet types; (A) Standard (B) Anomala (C) Extra fertile 
floret 
Abbreviations: gl = first glume; g2 = second glume; fl = fertile lemma; si = sterile 
lemma ; symbol = perfect flower; projection beyond leranas = palea 
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Figure 43. Crossing diagram of some Lasiacis species; arrows point to the ovule parent; solid lines 
indicate vigorous F- hybrids; broken arrows indicate weak F, hybrids; double line indi­
cates inviable hybrid; figures refer to pollen fertility of the hybrids, the first gives 
the mean, the second the range 
Abbreviations: anom = L. anomala; div = L. divaricata var. divaricata; lin = L. linearis; 
rhiz = L. rhizophora; proc - L. procerrima; ruse « L. ruscifolia var. ruscifolla 
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tive potential in the hybrids. Chromosome behavior and meiosis up to the 
microspore tetrad stage is little affected by hybridization. Genetic 
rather than chromosomal incompatibility is probably largely responsible for 
pollen sterility of the hybrids. Internal reproductive barriers plus eco­
logical and geographical isolation combine to make interspecific hybridiza­
tion among the species studied an unimportant evolutionary force. Whether 
this is true of all species in the genus remains to be demonstrated. The 
extent of differences in reproductive potential of hybrids produced from 
parents from different geographical regions has not been examined in detail. 
The significant variability found in pollen fertility among hybrids of two 
different crosses (L. divaricata x L. ruscifolia and L. anomala x 
rusclfolia) suggests that such differences may exist. The conclusions I 
have reached must, therefore, be considered tentative. 
From the information accumulated so far, I conclude that the genus 
Lasiacis is composed of a group of "normal" species in the sense of Wagner 
(1970). The species are normal in being composed of populations of sexual, 
partially outbreeding, and effectively diploidized plants. 
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FRUIT DISPERSAL 
General 
One of the important events in the life history of a plant is the dis­
persal of its diaspores. It is at this point of the life cycle that evolu­
tionary pressures have been intense, resulting in the numerous diverse seed 
and fruit types that exist among the angiosperms. Van der Fiji (1969) 
maintained that next to pollen transport, seed dispersal is the most inçor-
tant single factor promoting gene flow in populations. For this reason, 
any systematic-evolutionary study of a plant group must consider fruit dis­
persal ecology. Not only must the morphological modification of the dis­
persal unit be studied but also the manner in which such modification 
relates the plants under consideration to the rest of the ecosystem. Two 
of the more important considerations in such an analysis are the relation­
ships of the diaspores to the dispersal agents and the role the agents play 
in promoting the ability of the dispersed plants to compete in the ecosys­
tem. 
As van der Fiji (1969) has stated; "dispersal is but one link in the 
continuity of life on earth, which is perpetual colonization." Natural 
selection acts to improve the ability to colonize through modification of 
the morphology and "behavior" of the plants. Such changes we recognize as 
adaptive changes. Stebbins (1970) has pointed out how few examples of 
adaptive radiation are known among plants on the generic and higher hierar-
chial levels and how such adaptive patterns would most readily be observed 
in processes involving fruit production, fruit dispersal, and seedling 
establishment. 
Some aspects of the fruit dispersal ecology of Laslacis have been 
studied and certain adaptive features have been noted. 
Spikelet Anatomy 
The gross morphology of the spikelet has already been described (see 
GROSS MORPHOLOGY, Inflorescence and Spikelets). It remains to describe 
some of the anatomical features. 
The structure of the two glumes and the sterile lemma is essentially 
the same. They have an outer, noticeably cutinized epidermis, one or two 
layers of hypodermis, several layers of chlorenchyma, and an inner epider­
mis of very large cells (Figures 44, 46). At maturity, i.e., when the 
caryopsis has reached its full size, the cells of the outer epidermis and 
most of those of the hypodermis become filled with a black pigment (Figure 
45). This gives the mature spikelet its unique, shiny, black color. The 
pigment appears to be deposited as a solid substance and completely fills 
the cell lumen. The identify of the pigment is not known. At maturity, 
the inner epidermis of the glumes and sterile lemmas forms a thin, whitish, 
fleshy layer. The epidermal cells are closely packed with small oil glob­
ules. Upon disturbance, as in making epidermal peels, the oil globules 
coalesce into larger droplets (Figures 47, 48). Identification of the 
globules as oil was made on the basis of two staining tests with Sudan III 
or Nile Blue A. Both dyes are specific for neutral lipids, i.e., fats, 
oils, and waxes (Jensen, 1962). Specific identification of the oil has not 
been attempted. The possession of such a specialized oil-producing tissue 
seems to be unique in the grass family. As Hegnauer (1963) has noted: "Die 
Graser sind keine Fettpflanzen. Sie speichern weder is den Friichten noch 
Figures 44-47. Cross sections of the second glume of Lasiacis splkelets 
44. From a non-pollinated, post-anthesis spikelet of 
L. anomala; 400X 
45. From a caryopsis-bearing spikelet of L. anomala; note 
black pigment in abaxial epidermis; 400X 
46. From a pre-anthesls spikelet of L. ruscifolia var. 
ruscifolia; 400X 
47. Freehand section from a caryopsis-bearing spikelet of 
L. ruscifolia var. ruscifolia; note oil globules; 475X 
Figure 48. Paradermal view of oil-bearing epidermal cell of L- ruscifolia 
var. ruscifolia; note oil globules; 950X 
Abbreviations; c = chlorenchyma; ie • inner (adaxial) epidermis; 
oe = outer (abaxial) epidermis; og • oil globule; vb = vascular 
bundle 

in den perennierenden Organen grossere Mengen von fetten 01." Only in some 
cells of the caryopsis is oil produced and stored in the abundance observed 
in Lastacis epidermal cells, A somewhat comparable phenomenon is found in 
those grasses that produce essential oils, especially Cymbopogon and 
Vetiveria. In these plants, oil-producing cells occur in vertical rows or 
masses in the leaf lamina, but oil production in the leaves is not local­
ized in the epidermis (Balbaa and Johnson, 1955; Hegnauer, 1955; Arber, 
1934). Reichwaldt (1945) has shown that the inner epidermis of the glumes 
of Ç. schoenanthus is composed of oil cells. Although the location and 
appearance of these cells is similar to those of Lasiacis. they produce 
terpene derivatives, quite different chemically from the lipids produced by 
Lasiacis. 
At maturity the cells of the lemma and palea of the fertile floret 
have a small cell lumen and thick, heavily sclerified cell walls. This 
makes the fertile floret very tough and protects the softer caryopsis from 
mechanical damage. 
Bird Feeding on Lasiacis 
Although I am unaware of published observations regarding the feeding 
of birds on Lasiacis spikelets, several collectors have made notes on their 
specimen labels to this effect. Chase, on the collection of L. divaricata 
var. austroamericana from Minas Gérais, Brazil, wrote that "Dr. Kuhlman 
says birds eat spikelets greedily." Schipp on the label of a collection of 
L. procerrima from British Honduras noted that the "seeds are much sought 
after by finches and other birds." 
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Observations of bird feeding on Lasiacis spikelets have been made in 
Panama by Dr. Eugene Morton, University of Maryland, and I thank him for 
making his unpublished observations available to me. Although many bird 
species probably feed on Lasiacis. three species have actually been col­
lected and their stomach contents examined. Dr. Morton has provided the 
following data: 
#558. Mviarchus ferax, short-crested flycatcher, fam. Tyrannidae, 
female, collected 14 Jan 1971, Ft. Kobbe, Canal Zone. This 
bird had little fat and weighed 31.3 gm. Seeds from the large 
intestine germinated. 
#560. Vireo flavoviridis. yellow-green vireo, fam. Vireonidae, male, 
collected 15 Jan 1971, Palo Seco, Canal Zone. This bird had 
little fat and weighed 18.6 gm. It contained 25 Lasiacis seeds, 
one in the intestine with even the "husk" intact. 
#592. Chlorophanes spiza. green honeycreeper, fam. Riraupidae, 
female, collected 12 Feb 1971, Cerro Azul, Rep. of Panama. 
This bird was very fat and its stomach and gut were full of 
Lasiacis seeds. 
I have examined the preserved stomach contents of all three birds. 
The vireo had only Lasiacis spikelets. The flycatcher contained primarily 
Lasiacis spikelets but also several small unidentified flowers, buds, and 
fruits, plus one or two insects. The honeycreeper contained many Lasiacis 
spikelets plus one insect. All but one of the spikelets in all the birds 
were completely black. The only exception was a single green spikelet in 
which an insect larva was destroying the ovary. Most of the spikelets from 
the stomach were surprisingly intact, although some had the outer bracts 
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partially or wholly removed. In no spikelet was the fertile floret damaged. 
To check on spikelets that had completely passed through a bird digestive 
system, I fed Lasiacis spikelets to captive young Japanese quail along with 
their normal foods. Examination of the feces showed that the glumes and 
sterile lemmas were shredded into narrow strips but that fertile florets 
passed intact through the digestive system. The tough, tightly enclosed 
lemmas and paleas prevented mechanical damage to the fertile floret and 
caryopsis. In the small Panamanian birds, the fertile floret undoubtedly 
also passes unscathed through the digestive system, although the lemmas and 
glumes may not be as thoroughly shredded as in the quail. 
Morton established the very significant fact that the caryopsis 
remains viable and is able to grow into normal seedlings after being taken 
from the large intestine of the flycatcher. This indicates that birds can 
act as effective dispersal agents of Lasiacis fruits. Only non-granivorous 
birds are probably effective in this respect, since Morton noted (personal 
correspondence); "None of the seed eaters, birds which normally would 
destroy the seed embryo, were observed feeding on Lasiacis. I had seed 
eaters (Sporophllla finches and ground doves) coming to a bird feeder and 
none ate ripe Lasiacis spikelets even when mixed with millet." 
It may now be asked what food value the birds derive from eating 
Lasiacis spikelets. That the birds must be obtaining nourishment seems 
probable from the fact that they eat large quantities of the spikelets and 
at times eat only Lasiacis spikelets, as indicated by the vireo. Since the 
entire fertile floret, including the caryopsis, passes through the diges­
tive system without damage, it is obvious that the highly nutritious, 
starch-rich caryopsis is not being utilized. Rather, the oil cells of the 
<32 
spikelets are probably digested. Since oil is a high-energy food, the 
birds may obtain enough nourishment from the layer of oil cells simply by 
eating large quantities of spikelets. 
The black, nearly globose Lasiacis spikelets are very berrylike in 
external appearance and undoubtedly serve as strong visual attractive sig­
nals for birds. Since Lasiacis apparently relies on this visual signal to 
attract birds, the possibility of fruit mimicry must also be considered. 
In fruit mimicry, animals, especially visually oriented birds, are deceived 
into eating largely inedible fruits on the basis of their resemblance to 
edible fruit (van der Fiji, 1969). Van der Fiji suggested such a dispersal 
strategy for Gahnia, a tropical sedge. However, the potential food reward 
in the form of oil and the heavy consumption of spikelets by birds (to the 
near exclusion of other foods) probably indicate that more than just mim­
icry is involved. It is possible that this is a system which originally 
evolved as pure mimicry but has subsequently been reinforced by the produc­
tion of an oil food reward. 
Another aspect that must be considered concerns the energy relations 
involved in oil production and its relationship to bird feeding. It would 
presumably be disadvantageous if oil were produced in young spikelets since 
this might encourage bird feeding before an effective diaspora had been 
produced. This seems to have been solved in the following way. The oil 
and especially the black pigment are not produced until the caryopsis has 
enlarged considerably (Table 11). Oil is usually produced somevAxat before 
the caryopsis reaches its mature size. The black pigmentation is usually 
not produced until the caryopsis has reached maturity. Black pigment 
appears about a month after an ovary has been fertilized (26-30 days for 
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Table 11. Oil and pigment production in spikelets 
of Lasiacis ruscifolia var. ruscifolia 
Ovary length Ovule 
(mm) contents Oil Spikelet color. 
1.1 milky none green 
1.7 milky none green 
2.0 milky none green 
2.3 milky trace green 
2.5 pasty present green 
2.6 (mature) solid present partially black 
2.6 (mature) solid present black 
L. ruscifolia var. ruscifolia, 29-32 for L. rhizophora, under greenhouse 
conditions). Typically, the entire spikelet will be fully black two days 
after the first evidence of black coloration appears. So the visual 
attractant and the food reserve are produced approximately at the time the 
caryopses is mature. That the caryopsis is indeed capable of germinating 
at this stage of development was demonstrated by germination tests of cary­
opses from spikelets that had just begun to turn black. All such caryopses 
germinated readily. No oil, and usually no pigmentation, is produced if 
pollination has not taken place. In such spikelets, which are useless as 
dispersal units, no photosynthate is wasted in oil production. Pollination 
and fertilization are, therefore, necessary to initiate oil and pigment pro­
duction. Since ovaries are known sites of hormone production, it seems 
reasonable that both oil and pigment production are induced by growth regu­
lators after the ovary and embryo have reached a certain size. Although 
some instances of black pigmentation without the production of a mature 
caryopsis have been observed (especially in interspecific hybrids of 
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L. dlvarlcata and L. anomala'), this seems to be an abnormal event since the 
large majority of all spikelets in all species do not produce black spike-
lets in the absence of caryopsis formation. 
Ecological Considerations 
Lasiacis species can, as a generalization, be characterized as forest 
edge plants. In a number of areas in Venezuela, Trinidad, and Central 
America, I have observed the distribution of Lasiacis in areas where rela­
tively undisturbed forest adjoined disturbed communities or were cut by 
roads. Invariably Lasiacis grows only along the forest margin, along 
trails in the forest, or in open areas created by fallen trees but not in 
the forest proper. Lasiacis species are also common in shrubby secondary 
growth, fence rows, overgrown plantations, and similar habitats. This is 
not to say that all species are completely ecologically equivalent. 
Lasiacis procerrima is very weedy and occurs quite commonly on otherwise 
bare road cuts. Lasiacis standleyi and L. linearis may occasionally be 
found in relatively undisturbed montane forests. Species such as 
L. ruscifolia and L. anomala are characteristically found in drier forests 
and savanas. In the latter regions, these species are often found in 
undisturbed gallery forest, especially along their margins. Most other 
species fall between these ecological extremes and usually occur in an eco-
tone or some sort of secondary community. 
Morton (personal correspondence) reports that all birds observed by 
him to feed on Lasiacis also inhabit forest edge or secondary communities. 
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Discussion 
Although much more data is needed to evaluate fully the dispersal 
relationships between birds and Lasiacis, some preliminary conclusions can 
be drawn. Lasiacis spikelets are adapted to bird dispersal because of 
their black color, their oil production, and their tough, tightly enclosed 
lemmas and paleas which protect the caryopses. The caryopses retain their 
viability after passing through the digestive system. Both plant and ani­
mal typically inhabit forest edges; thus, the problem of dispersing fruits 
to suitable new sites is solved. There even seems to be some positive 
relationship between bird behavior and the woody, climbing, growth habit of 
many Lasiacis species, since Norton reports (personal communication) that 
birds often perch on branches of trees and shrubs among which Lasiacis 
commonly grows. 
The potential increase in distribution through bird dispersal may also 
have an important effect on the population structure of Lasiacis species. 
Since fruits are more widely dispersed with than without birds, the chance 
of bringing different genotypes into contact is greatly increased. Through 
such increased colonization, gene flow between populations would be 
increased, partially offsetting the reduction in genetic variability caused 
by the predominantly autogamous breeding system of Lasiacis species. 
It is also recognized that bird-mediated dispersal is not the only 
means of fruit dispersal in Lasiacis. Seedlings may sometimes be found in 
abundance under or near parent plants. This pattern suggests that spike-
lets have simply fallen off the parent plants and germinated in situ. 
Birds seem to be responsible for longer distance dispersal (no reliable 
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estimate of actual distances available). Dropping of spikelets accounts 
for the development of local populations. 
Several of the spikelet characters by which the genus is recognized 
are also clearly adaptations for bird dispersal of the fruit. Among these 
may be noted the moderately large, nearly globose spikelets, black colora­
tion, oil tissue, and indurate lemma and palea. On this basis, it is rea­
sonable to conclude that adaptation to a more efficient fruit dispersal 
mechanism may have been responsible for the evolution of what is now recog­
nized as the genus Lasiacis. 
